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ABSTRACT 


To check the performance of basket-type bed-load 
samplers, a 1 to 5 scale model of a sampler with two 
different mesh sizes was tested in a flume under flow 
conditions modelled on the basis of field results 
obtained during earlier studies. An analysis of the 
model data indicates that sampling efficiency increases 
with transport rate. The effect of sample size on 
accuracy is examined and a minimum of 20 samples is 
recommended to give a satisfactory estimate of mean 
transport rate. Optimum sampling durations are also 
suggested by determining the loss of sampling efficiency 


as the sampler fills. 


The time-distribution of sampler catch is analyzed 
and it is found that the square root of sampler catch is 
normally distributed in time. The two dune-type bed-forms 


observed during the tests are described. 
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NOTATION 


flume breadth (ft) 


cross-sectional average bed-load concentration 
by weight (ppm) 


total bed-material load concentration by weight (ppm) 
centreline average bed-load concentration 

by weight (ppm) 

cCatceheraves (lb/min) 


geometrical mean grain size diameter (ft) 
effective sediment diameter (ft) 

grain diameter for which p % of distribution is 
less than (usually mm) 


dimensionless parameter for comparison of means 
test 


sampling efficiency (percent) 


densimetric Froude number (dimensionless) 


function of 


bed-load discharge rate by weight (lb/rmin) 


acceleration of gravity (ft/sec’) 
unit width bed-load discharge rate [L1b/(min-ft) ] 


depthsopetiows(£.) 


Strickler roughness 
coefficient for the entire bed (et 3 /sec) 


Strickler roughness y 
coefficient for bed-material grains only (ft °*/sec) 


equivalent sand grain roughness diameter (ft) 


Manning's roughness coefficient (£t% or dimensionless) 
fluid discharge by volume (ft*/sec) 

Unit width fluid discharge [ift*/(sec-ft) | 

hydraulic radius (ft) 

bed slope (dimensionless) 

standard deviation of sample [lb/min or 1lb/(min-ft) ] 


Specific gravity of bed-material particles 
(dimensionless) 
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Greek 


cross-sectional mean velocity (ft/sec) 
centreline mean velocity (ft/sec) 


shear velocity (ft/sec) 
eS : 
mee! (dimensionless) 


dimensionless parameter in the logarithmic 
velocity distribution law 


Sampiesmeang(ib/mansOrelb/AmInN=ft) ) 


Untceweboht oferlurd= (lb/ft) 
unit weight of bed-material (lb/ft?) 
submerged unit weight of bed-material (lb/ft?) 
-1 S- 
x 


tan (degrees) 


ao 
Pe 
kinematic viscosity Of the fluid (ft°/sec) 


fividedensity (slugc/rt | 

density of bed-material particles (slugs/ft?) 
bed-material gradation (dimensionless) 
dimensionless intensity of bed-load transport 
Einstein's dimensionless shear stress parameter 


Colby and Hubbell's dimensionless shear stress 
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CHAPLE Ral 


INTRODUCTION 


Basket-type Bed-load Samplers and Their Use 


In recent years several agencies in the 
Federal and Provincial Governments have been interested 
in determining the effects of sediment movement on 
reservoir storage, navigation, power development, etc. 
This has led to the use of bed-load samplers in an 
effort to estimate the amount of material moving in 
close proximity to the bed of river channels (the 
So,Ccalledebed-loadjmmmbitticulties: an interpreting 
field sampling results prompted the present study, in 
which scale models of bed-load samplers were tested 
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The bed-load sampler most often used for 
sampling of coarse bed~-load in Alberta rivers has been 
the basket-type sampler. The large size basket-sampler 
consists of a rectangular frame and tail section into 
which a basket with one open end is fitted. It has an 


overall length of 70 in. and weighs approximately 240 


lbs. Plate 1-1 is a side view of this sampler with a 
k-inch mesh basket. It is lowered onto the bed of a 
river from a cable way or bridge. After remaining 


there for a specified duration, it is raised, weighed 


and the sample removed. The sampling is repeated a 
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arrive at an estimate of the bed-load discharge. 


Problems arise from the fact that this 
sampler catches only a fraction of the bed-load which 
would normally go through the section if it were not 
there. This fraction, when expressed as a percentage 
is generally known as the sampling efficiency, E. 
Model studies conducted up to this time have yielded 
efficiencies which appear unsatisfactory when applied 
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Objectives: Opener study 


This model study of the behaviour of the 
basket-type bed-load sampler had the following objectives: 

(5) To determine the average efficiencies over é@ 
range of flow conditions of one basket-type 
bed-load sampler, using baskets of two 
different mesh size. 

(2) To provide data on the large temporal varia- 
DilueyeOtestLancpOLturatematmarpOLnt. 

tS) To determine the number of samples necessary 
to obtain a satisfactory estimate of the 
average transport rate. 

(4) To determine the effect of sampler fullness 
Onset ficiency peoy Varying acne, CuralLlonwo. 


sampling. 
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(6) 


(7) 
(8) 
(9) 


To compare apparent bed-load size distributions 
as obtained by various bed-load sampling 
techniques. 

To evaluate the effects of scaling through 

the comparison of the model results with 

field data. 

To suggest efficient field procedures. 

TOV provide information on bed-torms. 

To test three procedures for computing 


bed-load transport. 
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CHAPTERS 2 


BACKGROUND TO THE STUDY 


Previous Experimental Studies of Bed-load Sampler 
HEficlency 


A number of basket-type bed-load samplers 
were designed and tested in Europe during the period 
from 1930 to 1940. Hubbell (1964) has summarized this 
early work and it is from this source that the following 
information is abstracted. Ehrenberger, in testing his 
own design, shown in Fig. 2-1-A, reported sampling 
efficiencies of from 83 to 100 percent. These values 
were later revised to 62 percent on the basis of 
Einstein's experiments. Einstein, working with the 
Nesper sampler, shown in Fig. 2-1-B, recommended an 
average sampling efficiency of 45 percent, but reported 
an efficiency range of 20 to 90 percent depending on the 
grain size of the bed-load and on flow conditions. 
Hubbell summarizes these early studies by suggesting an 
average efficiency of 45 percent for all basket-type 


bed-load samplers. 


In 1957 Novak (1957) reported on the development 
and testing of a new pressure difference sampler. While 
conducting model tests on the new sampler he also tested 
basket-type samplers to check their reported sampling 
efficiencies. For a wire mesh type, (not shown in 


publication), Nesper type and Ehrenberger type, Novak 


reported efficiency values of 65, 40 and 60 percent, 


respectively. 


Along with these efficiencies, Novak made note 
of the following general conclusions: 

(ab) Sampling efficiency was unaffected by grain 
diameter if the bed material was of uniform 
size. 

(2) Of the basket-type samplers, only the wire mesh 
sampler had a catch which was representative 
in grain size of the actual bed-load moving. 

(3) The height of the bottom leading edge is an 
important factor in determining the smallest 


Dart clesmthatwecan enter the sampler. 


Available CanadtanyFi1eld Data 


Field studies with bed-load samplers have been 
conducted on two gravel rivers in the Rocky Mountain 
foothills of Alberta (Hollingshead, 1968, Hollingshead, 
1971, Samide, 1971). The 1968 study involved a reach 
of the Elbow River at Bragg Creek, while the 1971. study 
continued this work and initiated a study of the North 
Saskatchewan River at Nordegg. In both cases samplers 
of the basket-type and Novak's pressure difference type 
were used. 

In the course of the Elbow River study, a large 
pit was excavated in the river bed. This was assumed 


to catch close to 100 percent of the bed-load. By 
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Surveying the pit at regular intervals, average transport 
rates and average bed-load sampler efficiencies could 

be determined. Estimated sampling efficiencies of a 
%-inch mesh basket sampler for various fluid discharges, 
as given by Samide (1971), are shown below (data from 


Elbow River study): 


Elbow River Discharge Efficiency 
Cclies) (percent) 
1200 0 
1400 3D 
1600 45 


For flows in excess of 1600 c.f.s. a survey 
of the pit was not possible. The efficiency of the X%- 
inch mesh basket was assumed to remain constant at 45 
percent for higher discharges. A second basket mesh 
Size of k-inch, also employed in the 1971 study, gave 


an andicated@ebticrency of 60 percent at l600) c.r.s. 


In both studies it was noted that because of 
fluctuations of bed-load transport at a point with 
respect to time, it was necessary to take a considerable 
number of samples to obtain acceptable estimates of 


average transport. 


Statistical Analysis of Bed-load Discharge Data 


In a study of sediment discharge variability on 


the Kura River delta (Shteynman, 1966), it was found 
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that the distribution of bed-load discharge values as 
determined by sampling followed a Gaussian law. This 
result was also derived analytically by assuming that 
the displacement of bed particles was caused by the 
occurrence of velocity impulses on the bed, which were 
random in time and magnitude. Using the limiting 
theorem of probabilities, it was concluded that pulsa- 
£2tons (Of “bed—load) discharge, travelling in the’ form of 


dunes should conform to the Gaussian distribution law. 


A final observation of the Kura River delta 
report was that the average transport rate obtained 
from 20 samples was essentially equal to the average 


obtained from 100 samples. 


Analysis of World-wide Flume Transport Data 


In a study of world-wide flume data (Cooper, 
1970), a functional relation was developed to describe 
the behaviour of flow in alluvial channels. It was 


given as: 
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in which 
h is the flow depth 
BbeLs stne £lume) width 


D is the median grain size diameter of the 
50 
bed-material. 


S is the bed slope. 


where ee is the bed-material discharge by weight 
Q is the fluid discharge by volume 
Vie Smeheeuld tawelLohnt Ot ache mata iiid 
Peeve 
1 
M5 


where V is the mean fluid velocity 


Me is the submerged unit weight of the 
bed-material. 
Pr is the mass density of the fluid. 
Dan 3 = 
ee EL 
v 


where v is the kinematic viscosity of the fluid 


g is the acceleration of gravity 
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50 LG 
where Dog is the grain size for which 84 percent of 


the bed-material is finer. 


D is the grain size for which 16 percent of 
the bed-material is finer. 


An analysis of the flume data indicated that 
Tf Vievand 2 were large as in most of the flume tests 


they had little effect on the relations. o, was found 


b 


to have an effect on the ee relation, but the 


Jens 
variations were unsystematic and in many cases corre- 
sponded to a change in the data source. With these 


Simplifications, the relations reduce to: 


The final form given by Cooper consisted of 
plots Of twosotethe variables with contouring for the 
thira. (see Fig. 2-2). The curves without correction 
are applicable for material having a specific gravity 
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These plots provide a convenient means by 
which the flow conditions for a flume trasport study 
can be planned. After the values of the median grain 
size diameter (Deg) s bed-material discharge (G.) and 
depth of flow (h) are decided upon, an estimate of the 
fluid discharge and initial flume slope can be obtained 
through the use of the plots. Upon completion of the 
experiments, the data obtained can be checked against 
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CHAPTER 


EXPERIMENTAL DESIGN AND PROCEDURES 


Experimental Modelling 


Sampling data obtained from two studies of 
the Elbow River at Bragg Creek, as mentioned in Section 
2.2, gave an indication of the performance of basket- 
type bed-load samplers under specific field conditions. 
The present study was designed to check this indicated 
performance by conducting laboratory sampling under 
flow conditions modelled on those reported in the field 
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The geometrical conditions necessary 
to define a two-phase flow problem, such as 
the phenomenon under consideration here, are 
given by Yalin (1965) as follows: 

(a) the shape of the cross-section of flow, 
(ii) the shape of the particles of the bed 
material, 
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bution curve of the bed-material. 


The phenomenon is then defined by 
specifying the following: 
(ajeeclurdachavacterssotics:) KinematiGe viscosity, 


Vit luid density, Pee 
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(b) bed material characteristics: a parti- 


cular grain size, -o (usually D density 


5g)? 
of the bed-material particles, Pe. 
(c)seany Stwoeot ‘the “tollowing sfilowrcharacter— 
HSevesian Cepul pany silope ,eo a mean 
velocity, -Vietotalsbedimaterival ttranspert 
rate, G 
iS 


(ad) gravitational characteristics: accelera- 
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Any other flow property A is determined from 
the following relation: 


A= ie (yy Gg, wet Dogs Pa! Vy h) 


Non-dimensionalizing we have: 
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(where V, = Yq Sh) values greater than 7/0, the 


relation no longer depends on v. A check of 
field data revealed this to be the ‘case so 


that therwabove relation reduces” to: 


For the same bed-material particle density and 
fluid density in model and prototype, the 

2 
Froude number = controls the modelling of the 


bed-load transport phenomenon. 


Depth 


Sls dhe 


Grain Size Diameter 
Total Bed-load Discharge 
Unit Bed-load Discharge 
Mean Velocity 
Total Fluid Discharge 


Unite lures Discharge 


1? 


The size of the Elbow River and 
Lande mlateralsvVaclabl luty Ob Cranspore, rate 
prohibited modelling the entire river. A 
length scale of 1:5 was determined by comparing 
the width of the flume available with a 20 foot 
Slice of the river. Froudian modelling then 
fixed the time scale as 1:/Y5 and the mass 
scale as jh Tablet s= et Seamwlrstworepanra= 


meters and their scales as determined from the 


length, time and mass scales. 


TABLE 3-1 LIST OF PARAMETERS AND SCALES 


eS} 


Scale | 


(1) 


Parameter 


Depth and Grain Size Modelling 


In the field both the depth and mean 
VElOCULY aValVewWithmulsSchnarge. = DUG LOstLIC 
restrictions of time it was not possible to 
investigate what influence both of these 


variables had on sampling efficiency. The 


depth was thought to be less important and 
was therefore held constant in the model 
testing. Data from the Elbow River studies 
Gave an average depth of flow of 2.45 £t. 
for the discharges sampled (in the region 
where bed movement occurred). This resulted 


ingasmode | depthvot approximately <55 fC. 


TnergGraine Si ZenO01stribucton,oLe tne 
Elbow River bed-load as determined from the 
1968 pit excavations and the basket samplers 
(see Hollingshead, 1971) are shown as Curves 
(Gey eheish (Meh) Felsisyeioisn ieee gy AES > Siacke 
Curve (c) is the true model bed-material 
obtained by scaling down Curve (b) on the 
Pes elength scale. | Curves (d) Sistine distrip-— 
ution which was available for use in the flume. 
It was obtained by combining a sand-gravel 
mixture, which had been sieved on a #18 screen, 
with a uniform small gravel. This material and 
the flow conditions studied, produced particle 
Reynolds' numbers which were greater than 70, 


so that the Froudian modelling remained valid. 


Bed-load Sampler Modelling 


The full size basket sampler with 


2 mesh sizes was reduced to 1:5 scale to 
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produce the model samplers used in this study. 
Model and prototype dimensions of the sampler 


basket (without frame) are given in Table 3-2. 


TABLE’ 3-2 MODEL AND PROTOTYPE BASKET DIMENSIONS 


(1) (2) (3) 


Prototype Model 
Dimension Basket Basket 


30 inches inches 


vasincies .-8 inches 


10 inches inches 


Table 3-3 gives the prototype sampler 
basket-screen openings (Col. 2), the 1:5 scale 
model basket-screen openings (Col. 4) and the 


screen openings of the wire mesh used in the 


model samplers (Col. 5). 


Details of the model sampler are 
shown in Fig. 3-2. The sampler frame and two 


basket types can be seen in Plate 3-1. 


Bed-load Discharge Range to be Studied 


Due to time limitations it was only 
feasible to study three flow conditions. The 
capacity of the equipment determined the maxi- 
mum transport rate studied, while the lowest 


rate was limited by the necessity of keeping 
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the sampling duration reasonable short. A 
third transport rate was selected in the middle 
of these two extremes. After a rough estimate 
of bed-load discharge had been made for the 
mediumsandslow flow conditions, .the,ini tial 
flume slope and fluid discharge was obtained 
from the curves presented by Cooper (1970), as 
discussed in Section 2.4. Since only three 
flow conditions could be tested, the effect of 
varying both velocity and depth could not be 
properly studied. Therefore, the velocities 
were changed in each flow condition and the 
effects of depth variation were left for future 


study. 


Flume Set-up 


Fig. 3-3 shows a simplified diagram of the 
flume and the two pumping systems employed in the study. 


An overall view of the flume can be seen in Plate 3-2. 


The sediment system, shown in red on the 
drag sanyinc udedaa, bed loadecapturess lou Llocaltediart 
the downstream end of the flume, which funnelled the 
material. transported over the end of the bed into a 
Wilfley sediment pump. A sediment-water mixture was 
returned to the upstream end of the flume through a 
4,inch diameter pipe. Here the mixture entered the 


injection tank shown in Plate, 3-3. After passing 


bas 
1 
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through the two chambers provided for distribution of 
the material across the flume width, it was dropped to 
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The area of the bed where sediment injection 
occurred was stabilized by a sheet of wire mesh to 
prevent scour by the flow dropping from the injection 
tank. A 4 inch electromagnetic flow meter monitored 
the total discharge in the sediment system, with the 
output feeding into a two channel discharge recorder. 
This system was run at maximum discharge to prevent 


accumulation of sediment in the lines or pump. 


The second pumping system for sediment-free 
water supplied the major part of the discharge. A two- 
stage, axial-flow pump transported water from the sump 
at the downstream end of the flume to the head tank, 
through a 14 inch diameter pipe. From here it flowed 
through the flume and re-entered the sump through an 
overflow chute provided with a back-up screen to catch 
any bed-load which jumped over the capture slot. A 14 
inch electromagnetic flow meter was used to measure the 
discharge, with the output feeding to the second channel 


of the discharge recorder. 


Plate 3-4 is a view of the downstream end of 
the flume showing the main pump motor, gate valve and 
return line for the water system. The return line, 


gate valve and electromagnetic fiow meter for the 
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sediment system along with the discharge recorder can 


also be seen. 


The flume slope was varied by means of screw 
supports located at intervals along the flume. These 
supports were connected by a power driven chain and 
gear system. The depth of water in the flume was 
controlled by a tail-gate assembly at the downstream 


Gndm(seerer iq 75-5). 


Bed Slope, Water Surface Slope and Depth Determination 


Fig. 3-4 shows a simplified diagram of an 
optical bed-sensing probe used to plot bed profiles. 
By measuring the intensity of reflected light, a servo 
system kept the probe at a constant distance from the 
bed. It was mounted on a carriage which rode on rails 
above the flume. The analog outputs of the probe and 
carriage were fed to a 2 channel X-Y recorder. Fig. 
3-4 indicates the two types of plots obtained with 
this equipment. The horizontal and vertical scales of 
the dune plots were exaggerated to show the dune 


dimensions more clearly. 


Fig. 3-5 is a simplified diagram of the probe 
used to obtain plots of the water surface profile. 
This probe sensed the location of the water surface 
throughethe «variation ain "conductivity of vthe tellement 
aS it entered and left the water. It was mounted on 


the same carriage as the bed-sensing probe and the 


re 
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output was fed to the second Y channel of the recorder. 
With this arrangement one traverse of the carriage 
produced both a bed and water surface plot. The two 
¥-channels were calibrated in such a manner that the 


distance between the two profiles represented the depth. 


Plate 3-5 shows an overall view of the flume 
carriage with the bed-sensing probe on the left and the 


surface-sensing probe on the right. 


Bed-load Measurement, Apparatus 


The basket-type bed-load sampler with two 
basket types comprised the first method of measuring 
bed-load transport. The cross-section at which samples 
were collected was approximately 15 feet upstream of 
the bed-load capture slot. Sampling was limited to the 
flume centreline in order to be as free of wall effects 


as possible. 


With basket sampling being carried out on the 
flume centreline only, it was necessary to obtain an 
estimate’ of the true’ local” bed-load transport’ rate in 
the central strip. This was done with a slice sampler 
located on the centreline of the bed-load capture slot 
(see—gFro.§e—6—-Ae ands S-6-B)Pewhichedivertcdsaee som: 
wide slice of bed-load through a 1% in. ID copper pipe. 


The flow from this pipe was sampled using a container 


with a wire mesh bottom. The end of the pipe was fitted 
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with an orifice to control the diverted discharge. 


Plate 3-6 is a photograph of the slice sampler 
as seen looking into the bed-load capture slot and Plate 


3-7 shows sampling of the diverted flow. 


A third type of bed-load measuring apparatus, 
consisting of a cart which ran on the flume carriage 
rails, was used to estimate the total bed-load transport. 
This apparatus sampled the sediment-water flow at the 
upstream end. Plate 3-8 shows the cart in the sampling 
position. It consisted of a central chamber separated 
from two chambers on either side by wire mesh. The jet 
was directed into this central chamber which retained 
the sediment and allowed the water to pass through to 


the side chambers and back into the injection tank. 


The length of the sampling durations was 
determined from the desired basket sampler fullness. 
This was done much the same as in the field; that is, 
a number of samples were taken at the start of the test 
and the duration was adjusted if need be. A sufficient 
number of samples had to be collected to allow the 
passage of a number of bed forms. Field sampling had 
eos 20 samples to be sufficient; however, to check 
this, 50 samples were collected with the slice and basket 


Samplers ande25: with (thei icartyusampler. 
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Velocity Measurements 


The transport prediction techniques which were 
compared with the bed-load sampling results required 
the use of a mean velocity on the flume centreline. 
Temp pe laid be Omer Oo /il SamsSi mp let edmCd a0 GatinOL 
the arrangement used to measure mean velocity. A 
Prandtl-type pitot tube with 1 mm diameter orifice 
mounted on the flume carriage was used to obtain 
velocity profiles where the basket sampling was carried 
out. <The lower portion of Fig. 3-7/7 indicated the path 
followed by the pressure signals in getting to the X-Y 
plotter. 


Test Procedures and Sequence 


Test procedures were as follows: 


(1) Set the initial flume slope, water discharge 
and depth of flow, as determined according to 
Section 3.1.4 and allow the flume to run for 
several days, to permit the bed-material 
transport rate and bed slope to reach equi- 
HW eye ebitiys 

(2) Collect 25 samples of bed-load inflow using 
the cart sampler described in Section 3.4. 

(3) Obtain longitudinal water surface and bed 
profiles at three locations across the width 
of the flume, using the probes described in 


Section 3.3. 


Seal = y, Pe 


(4) 


(5) 


(6) 


ay) 


(8) 


(9) 


(10) 


aas) 


(12) 


Collect 50 basket samples on the flume centre- 
line using a constant sample duration and a 
constant interval between samples. 

Repeat Step (4) for the second size of basket 
mesh, using the same sampling duration. 

Collect 50 samples of bed-load outflow using 
the capture slot slice sampler described in 
Section 3.4, with the same sampling duration 
asmin Steps (4)% 

Repeat Steps (4), (5) and (6) for two new 
sampling durations, retaining the same interval 
between the finish of one sample and the start 
of another. 

Using all three types of sampling apparatus, 
collect a number of samples for sieve analysis 
and water content determination. 

Take 20 velocity profiles on the flume centre- 
line, using the velocity probe described in 
SeCCGLOloro. 

Atter shutting. aown the 2low, PLote ongatudiunal 
dune profiles at two locations across the flume 
width. 

Re-run the flume for several hours and re-plot 
profiles. 

Measure the rate of advance of several dunes 


in the sampling region. 
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Gis) Repeat Step (3) to check for depth and slope 


variations. 


steps (1) to (13) were carried out for three 


ditierentet low conditions. 
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CHAPTER 4 


OBSERVATIONS AND RESULTS 


Depths and Slopes 


Using the water surface sensing and bed 
sensing probes described in Section 3.3, six longi- 
tudinal profiles of the water surface and bed surface 
were obtained for each flow condition over an 87 foot 
length of flume. Fig. 4-1 shows two typical examples 
Ofmthesesprotiles ms The first esatootycection of the 
flume was excluded from the profiles because of the 


proximity of the sediment injection tank. 


In determining mean slopes of the bed and 
water surface, the inial 15 feet of each profile had 
to be neglected, since in many cases the elevations 
were being influenced by the injection of sediment in 
this treo ion. 

table 4-1 gives the bed slope, water surface 
slope and depth of flow for each of the profiles taken 


during the three flow conditions. Average values for 


each flow condition are also given. 


Velocity Observations 


Twenty velocity profiles for each flow condition 


were taken on the centreline of the flume at the bed-load 


sampling section, using the velocity probe described in 


Sect On seb 2c. d-Jechowse ones Otuthesved ocaty 
PEGtl VecetakensduningsLOwa Condit] Cnanope lt ee neemean 


velocity for each plot was determined graphically. 


Table 4-2 gives the range of centreline mean 
velocitiles®foundrtorseach@filow condition (Col .2)% 
along with the arithmetic average of the 20 velocity 
values (Col. 3). The cross-sectional mean velocity 
(Col. 4), computed by dividing the discharge by the 


cross-sectional area of flow, is also given. 


TABLE 4-2 MEAN MEAN VELOCITY DATA 


ey) 
Average 
Mean 


(1) (2) 


Range of 
Mean 
Flow Vetecities=VelLocuby— Cross-sectional | 
Condition Flume € Flume € | Mean Velocity | 
No. ft/sec. heey ae ie SCCe au 
SUZ eee PL Sa8 
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423 Grain-SizerAnalyses and Water Content. Determination 
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Volumetric samples of the bed-material 


were taken prior to testing to check how well it 
modelled the Elbow River bed-load (see Section 
3.1.3). Fig. 4-3 gives the average results of 


the analysis of this set of bed-material samples. 


Plate 4-1 shows bed layering as it 
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face seen in the photograph represents the 
division between a coarse active layer and a 
somewhat finer passive layer. The active 
layer consisted of material which had recently 
been deposited on the advancing face of a dune. 
At the conclusion of the tests samples for 
sieving were taken from the active layer to 
determine if there had been any change in size 
distribution resulting from the transport 


process (see Fig.4-3). 


The fine material (<lmm) in the 
passive layer was not present when testing 
began, and therefore is assumed to have been 
produced by the grinding action of the sediment 
pump and the transport process. Sieve analysis 
of the active layer indicated a relatively 
small increase in the percentage of material 
finer than 1 mm presumably because most of this 


material settled quickly into the passive layer. 


Grain-scilzenandsWater Content Analyses ol beds 
load Samples 


A number of bed-load samples, taken 
with the basket and slice type samplers, des- 
cribed in Secion 3.4, were weighed wet and then 
dried to determine their water content. Table 
4-3 lists the water contents for the various 


sampler types and flow conditions. The samples 
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were then sieved and an average grain size 


avstributpLlonawastobtaimmedeLoreeach Of the 


sampler types and flow conditions. Figs. 


4-4, 4-5°and 4-6 show the results of the 


Sieve analyses. 


TABLE 4-3 WATER CONTENT OF BED-LOAD SAMPLES 


(1) (2) 


Samples Method 
Taken of 
During Sampling 


Slice Sampler 
ELOWeCONnaLcuLon 
1.4 mm Mesh Basket 
it 
2.4 mm Mesh Basket 


Slice Sampler 


Blow Condition 


1.4 mm Mesh Basket 


2 
2.4 mm Mesh Basket 


Slice Sampler 
Flow Condition 
1.4 mm Mesh Basket 
3 
2.4 mm Mesh Basket 


Se) 


Water Content 
of Sample 
of Dry Weight 


Cre 


O* 
We 
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Samples taken with the cart sampler 


were found to have an average water content of 


9.2% of the dry sample weight. 


made to sieve material cau 


No attempt was 


ght by this sampler 


since it employed the same screen size and 


sampled the same flow as the slice sampler. 


Observation of the slice sampler in 
operation indicated that it caught approximately 
100% of the material greater than 1.41 mm but 
only a fraction of the smaller material. In 
computing total bed-load discharge (see Section 
4.4), a correction of plus 8 percent was applied 
to slice sampler transport rates to account for 


this deficiency in the smaller sizes. 


It can be seen from Figs. 4-4 to 4-6 
that there is little difference in the size 
distributions of the material caught by the 
three bed-load samplers. This indicates that 
the basket-type samplers catch material which 
is representative of the fraction of the bed- 


load greater than 1.41 mm. 


Bed-load Discharge Observations 


The cart sampler and slice sampler were used to 
estimate the bed-load discharge for the cross-section 
average and flume centreline, respectively. Tables 4-4-A 
to 4-4-C give the sampling data obtained through the use 
of the cart sampler. Col. (1) of these tables is a six- 
digit identification number indicating the flow condition, 
sampler type, sample duration and the number of the sample 
within that particular sample set. Col. (3) is the sample 
Catch wetght aiter COrrections2or moisture content. sa Col, 


(4) is the total dry transport rate an 1b/min indicated 


v4 we 


ne 7 = 3 
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byethatespeciticisanple (7.e. Col.a(3)  divraed by the 
sample duration in minutes). The average transport rate 
given at the bottom of the tables is the arithmetic 
average of the samples listed above it, without 


correction for fine-material deficiency. 


tables 4—-5-Auto 4-5-1 give the data) from slice 
sampling on the flume centreline. There are three 
tables for one flow condition, each containing 50 
samples of one duration. The transport rates listed 


are not corrected for fine-material deficiency. 


A summary of the average transport rates 
indicated by the slice and cart samplers, after 
correction -<tor- fine=material deticiency , 31s Given jn 


Table 4-6. 


TABLE 4-6 SUMMARY OF AVERAGE TRANSPORT RATES 


Gly) 


Flow 
Condition 


C2) é 
Average Indicated Transport Rates 
(a) Cross-sectional (b) Centreline 
Average lb/(min-ft) lb/ (min-ft) 


The values of Col. (2a) were found by multi- 


plying the average transport rates indicated by the 
cart sampler by 1.08. The average values of Col. (2b) 


are based on the 3 sets of slice samples each taken at 
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aqitferent durations, akter corrections for fine-material 


deficiency. 


Summary of Flow Condition Data 


Table 4-7-A is a summary of the results given 
in Sections 4.1 to 4.4. All the columns of this table 
have been defined previously, with the exception of 
Col. (6) which is the median grain size diameter as 
determined from sieve analyses of samples taken with 
the slice sampler. The Deg of the slice sampler material 


was very close to that of the total bed-load as indicated 


in Sectuionn4.6. 


Table 4-7-B lists non-dimensional parameters 
which have been calculated from Table 4-7-A. Col. (2) 
TSmechne-CepuietOsdrain, Sl ze ratio, scounG by" divi dings 
Valtnesmor Col." (3) lable, 4—=/—A by ‘Col (6), Onitne. same 
chee Cols. (3a) and (3b) list values of Froude number, 
gh’ 
and centreline mean velocity, respectively. Cols. (4a) 
and (4b) list values of densimetric Froude number, oe 


b 
for the cross-sectional and centreline mean velocities, 


calculated from the cross-sectional mean velocity 
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Basket-type Bed-load Sampler Observations and Results 


Sampling with the basket-type bed-load sampler 
was carried out with three sampling durations for each 
Oofethnes three, flowscondltions,) as sindrcated, 1m Sect7 omes.on 
The results of the sampling with the 1.4 mm mesh basket 
ere quereduin Tables 4—-8-Alto,4-0- lew soimivanly,elebles 
4-9-A to 4-9-1 give the sampling results for the 2.4 mm 
mesh basket. These data are presented in the same for- 
mat as the slice sampler data discussed in Section 4.4. 
Calculated transport rates and sampling efficiencies 


based on these data are given in Section 5.4. 


In performing basket-type bed-load sampling, 
three phenomena were noted which could-account fon the 
low efficiencies reported in field studies (Hollingshead, 
IGG ae Samide, wo] .)., 

(1) Upon placing the sampler on the bed, some 

of the material approaching its mouth was 

deflected around the corners of the sampler 

asesiown) 1neht¢.4—/)—A. 
(2) While observing the sampler from above, it 

was noted that some of the bed-load would 

slow down or stop completely in the region 

directly in front of the basket. This was 

very apparent when a dune approached the 

sampler mouth and became deformed as shown 


ne tige +4—/—-B. 
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ve) In the case of fairly large samples, a portion 
of the small material entering the sampler 
near the end of the sampling duration would 
roll up the face of the accumulated material 
and escape through the top screening, as 


indicated 12n Hig. 4=7-C- 


Of these three observations the first two were 
probably the most important factors affecting the effi- 
CLlencya lt was alsomnoted that eas the volumeror material 
in the sampler increased, the blocking effect also 
increased. This would indicate the advisability of 
sampling for relatively short durations. Sampling 
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Bed~-form Observations 


Alle three flow conditions utilivedvin this: study 
had low amplitude dune-type bed-forms associated with the 
Progression of bed-load down the flume. 9) Plates 4-270 4-34 
and 4-4 show upstream views of dune configurations 
produced by the first, second and third flow conditions 


respectively. 


Themticst andethirdeblow, Cconditionsmproduced 
dunes having a crescent shape. Each occupied 1/2 to 
2/3e0f the eolume width gand soccurredvalternacely “down 


the flume as shown in Fig. 4-8-A. The second flow 
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condition produced very low amplitude dunes which were 
more two-dimensional than those of first or third. 

They extended over the full width of the flume except 
for the regions close to the walls, where they were not 


discernable (see Fig. 4-8-B). 


Four dune profiles were made with the bed 
sensing prebemdescribed ineSectionus. sy -Loreecach of the 
three flow conditions. They revealed the bed-forms to 
be complex combinations of large and small dunes under 
all three flow conditions. It was immediately obvious 
that in order to draw any detailed quantitative 
conclusions concerning the development and size of these 
bed-forms, a large number of such plots should be taken. 
Owing to the limited amount of time available, this was 
not possible. 

From the plots that were taken, ranges of dune 
heights and wave lengths observed at the sampling 


location were derived. This information is given in 


Cols LS once 4reOor Table wa 107 


TABLE 4 — 10 DUNE SIZES AND CELERITIES 


(2) (3) (4) 
Dune Dune Average 
Flow Height Wavelength Dune 
Condition Range Range Celerity 
No. fe dat ft/min 


No 
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Also given is an average dune celerity for flow 
conditions 1 and 3. This was obtained by measuring 
the amount of time necessary for the crest of a dune 
to travel a fixed distance and is the average of 20 
such observations. In the second flow condition the 


dune crests were not easily detectable. 


An interesting observation, noted from the dune 
profiles, was that dune height and wavelength appeared 
to increase in the downstream direction, for the moderate 
ana Nigh transport rates. At the Jows transport, rate; no 


such trend was apparent. 


CHAPTER °5 


ANALYSIS OF DATA 


Leica Calculations of Bed-load Discharge by Formulae 
nis dba al Calculatvrons Based von the Formula of 


Meyer-Peter and Muller (1948) 


The Meyer-Peter and Muller equation 
for a channel having negligible side resistance 


Can be written in the form 


Te es 2 /S Sb Bye 
O25 Pe es = RS KS aie) 4) es Dmn 


Ris the hydraulic radius and Dmn is the 


effective diameter of the sediment given by 


where p is the fraction by weight of that 
fraction Of the bed Sediment with mean size D- 
Thevsummacton 1s taken tor all fractions, of the 


bed sediment. 


The following is a list of the 
parameters which remained constant for the 


tnreecerloweCconc) cLons: 


4 


p, = 1.94 Ib. sec.7/ét. 


Yea (2 Ose lO) 626 sr a2 ee 
Ki = oh = 68 with D in feet 

b Do p1/6 = Wl 90 in £ee 
Dem Caner 


GueLs, thesunitewirothe transponterare 
anwlb. /Msech=£t.)) 


Ky, is the Strickler roughness 
coefficient for the entire bed including bed- 
forms while Ry is the Strickler roughness 
coefficient due to the grains alone. Ky 


was found from the equation 


The values of Doo and Da were taken from 
the initial grain size distribution of the 
material used in the flume (See Fig. 3-1). 
The small decrease in grain size of the bed- 
load due to the grinding action of the pump, 


has been neglected for these calculations. 
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With the values of the parameters inserted, 
the equation becomes 
2 
Oe Gl = cee ns( =) ‘a 
: b 
THhesnresultseotethescalculacions stor 
Ehestirees low condirionsSsaresqivengine Table 
5-1. A bed-load discharge has been calculated 
for the cross-sectional average and for the 
centreline region assuming an infinite flume 
width (R= h). The bed-load discharges have 
also been given as concentrations to facilitate 
the comparison of results of the prediction 


techniques with the measured results. 


Calcularitonem ascds on, Luce vedsrianstern 


Method of Colby and Hubbell (1961) 


THES LIS teSCeCDEInethe —COMpULaLLOneGL 
bed-load discharge by the modified Einstein 


method was the solution of the equation 


V = 32.6 VRS) a 10g, 


where x is a dimensionless parameter in the 
logaruthini cevelocity: distribution laveand ke 
is the equivalent sand grain roughness diameter 
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The solution was carried out with the use of 
a Graphe (Platea! | mColbywandihubbei® 2964)¢ 
For this procedure ke was taken equal to Dec 
Ot thesinitralmorainustzZeudistriputloneor the 
material used in the flume (see Fig. 3-1). 

The dimensionless parameter x, determined from 
Pater (Colby andghvbbel ig 196ir, Swas ei an 
all cases. Values of Ae are given in column 4 


S) 


Ofttabless—2 2 setrom the. valuecsnort a and Vm, 
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values of V(RS)_, are LOUnd si rOMmel later... 

Table 5-3 shows a sample of the 
remaining calculations for the centreline 
region of flow condition number 1. The grain 
Size distribution was broken down into ranges 
and the geometrical mean diameter D (@l. 3) 
for each range was calculated. The dimension- 
less shear stress parameter ’m was computed 


from the following relations depending on the 


TeleacLOneO le lmtLO Do. for each size range 
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the two largest size ranges. 


According to the modified Einstein 
relationship the intensity of bed-load transport 
aS 6,/2, aLSE oF is determined from the relation- 
ship between 6, and ¥, given by Einstein (1950) 
with ue substituted for ¥,. The bed-load 


discharge is then computed from -the equation 


3 


1 
"2 


= yp % 6 Pee conisitl Da) 
Ss pas cdi Ih Y g ) 
where 165 is the unit weight of the sediment 
Particles. The total bed-load discharge’ for 


each flow condition expressed as a concentration 
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For the purposes of computation, an average nae 
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of 40 was used for the three flow conditions. 
Col. (3) of Table 5-4 gives the values of densi- 
metric Froude number for the cross-sectional 


average and centreline for each of the three flow 
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COndve1lons. =) COl. (4)) Listsmthe concentrations 


ebybed[loadein = ppmvas compucea@rrom= Bilge 2-2. 


TABLE 5-4 TRANSPORT RATES COMPUTED FROM 
COOPER S09(197 0 RD EAGRAM 


(1) (2) (3) (4) 


v2 
Flow Region ve é 
Conditions , ppm 
No. Yboh 
il x-Sect average oe 
centreline mod 740 | 
2 x-sect average sual 10 
centreline . -20 160 
S x-sect average wf 560 
centreline. | ~44 1200 | 


eee Concentration 
THEGRreSuULeSE OL etne «Calcnu lati onse cOounde1m 
Sections 5.1.1 to 5.1.3 are presented as logarithmic 
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Results for the cross-sectional average are given in 


the first figure while the results for the centreline 


are given in the second. 
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bed-load calculation techniques predicted transport 


rates that were less than the measured values, with the 
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Meyer-Peter and Muller equation coming the closest. 

The modified Einstein method and graphical method of 
Cooper predicted results which were fairly close. For 
the centreline Fig. 5-1-B indicates that all three 
techniques gave results which were very close to the 
measured values. Again the graphical method of Cooper 
and modified Einstein method predicted similar results. 
The Meyer-Peter and Muller equation predicts rates which 


are higher than the other two. 


Higs.wo-2-AstOeo—-2—ieshowshiscograns and  cunu— 
lative frequency diagrams for the sampling carried out 
on the third flow condition. Due to space limitations 
the figures for the first and second flow conditions 
were not included. These figures can easily be obtained 


Brommecnesdata Given tne tables, 4=5 — 4-3 and 4-0" 


As the first step in analyzing the transport 
rate data, a check was made to determine if the variation 
of transport rate with time followed any of the simple 
distributions. This was done by plotting the logarithm 
and the square root of the unit width transport rate, as 
indicated by the slice sampler, on normal probability 
paper. The data gave a fairly good fit to a straight 
line on the square root probability graphs (see Figs. 


5-3-A to 5-3-1). This would indicate that the square 
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EHOOEsOeethesunitawidth transport rate is normally 


drstributed with jtime. 


Some of the characteristics of the distribution 
of unit width transport rate at a point are given in 
Table >> aeeCOL (Oo) ml Cmeneaneanmenransponterates, cole 
(4) is the standard deviation of the sample, Col. (5) 
BPSBCHeERCOCEEILCLENtCSEOL Variation Col (6)meLs theemedian 
ValNesot transporteratesandscOl.n) mis cnes range: or 


transport rates encountered in the sample. 


A distribution which has the square root of 
its variate normally distributed exhibits a positive 
skew when plotted on an arithmetic scale. With such 
a skewed distribution the results of the sampling may 
have been affected by the length of the sample duration. 
A comparison of mean test was used to determine if 
duration had significantly affected the sample means. 
Colm o MN Ofelables5—5alasts the mean valuessot 


transport rate that were tested. 


Before making the comparison of means test, 
the variance of these sample means had to be examined. 
Therstandanagpdevicaclons; dlvenuin CO. (4)Nol Table 
5-5, decreased as the sampling durations increased for 
GAchHmOLetnestinvcemilovecOnUle Os mmo nyolcal ly ethnics 
decrease in varlance is iIndicativesOL tie wlaCtetnate tic 
longer durations tend to average out the peaks and 


troughs in the transport rate fluctuations. | The longer 
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durations will generally produce sampling distributions 
which have a smaller range and variance than those of 
shorter duration at the same mean transport rate (see 


COS em A) aa nes ())eOcavlia bh lem5—5))s, 


Since the variance was found to be a function 
of the sampling duration the type of test selected to 
determine if the sample means differed significantly 
from one another was the test of means with nonhomo- 
geneous variances (Neville and Kennedy, 1966, P150). 
HADLewoO] oO ShOwsetcne: data anderesult Of this test. 
Cols (2) through (9), are the duration, mean value, 


standard deviation and degrees of freedom of the two 


sample means being compared. Col. (10) is the angle 6 
ce 

determined by the formula tan 9 = *1. The calculated 
re 


value of d, given in column (11) is determined from 


the equation d = —=—— 5, . Col. (12) is the 
2 2 
S= ste SF 
gail 2 


approximate value of d needed to reject the null 
hypothesis. The null hypothesis being tested in this 
case was: "There is no significant difference in the 
sample means being tested". Cols. (11) and (12) 
indicate that the null hypothesis was accepted in 
every case. On the basis of this comparison of means 


test, the three sample means were averaged to give one 
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lists these mean values. 


TABLE 5-7 SLICE SAMPLER MEAN TRANSPORT RATES 


(2) re) (4) 


Flow Flow Flow 
Condttiron CondLeron Condveron 
#1 #2 #3 


Sample 
Means 
tb, (ma n=ft) 


ANerager Trans por teRaten bs ere encys Relat Lons 


Basket sampling efficiencies were computed by 
comparing the average indicated transport rates of the 
samplers (see bottom of Tables 4-8 and 4-9) with those 
of the slice sampler (see Table 5-7) for each flow 
condition. Table 5-8 gives the results of the calcu- 
taeions4or iamplingwerircienty seColmaa( 2a stsethe 
average transport rates indicated by the slice sampler. 
Col. (5) gives the transport rates indicated by the 
basket samplers for each of the durations shown. Col. 
(6) is. the sampling efficiency found by dividing the 
Values OfeCol.e (5)avybyethe taverage transport) rate gion 


thatest low scondi tion a(Colyt2)r 


The values of Table 5-8 suggest that efficiency 


increases with transport rate. If this is the case there 
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Should be systematic variations between the transport 
rate distributions produced by the slice and basket 
samplers. To check if this was true the basket sampler 
distributions were compared to the slice sampler 
distributions. A comparison was done using the cumu- 
lative frequency data of the two sampler types for the 


Same duration. 


Sampling efficiencies were computed by taking 
the ratio of the transport rate indicated by the basket 
Sampler to that of the slice sampler for the same 
cumulative frequency. The upper and lower twenty 
percent of the distributions were not compared because 
these regions were too Sensitive: to individual observa- 


tions 


Efficiences computed from this comparison of 
distributions were plotted against the corresponding 
slice sampler transport rates. To make these plots 
easier to understand the data was separated into three 
groups depending upon whether the sampling duration was 
the shortest, 1ntermediate or -Longest-tor that flow 
CONnCLeLOn ee HOSeaD 4. andl o-Saaremthesemplocsmiloreche 
1.4 mm and 2.4 mm mesh baskets. Also shown on these 
Graphomare themtransporte rate=ciLe1 ciency vyalues*obGauned 


NuSsingeanwaveragestransporteratestormecacherlowecondition: 


EELectmolrecanpler Fullness on Efficiency 


Table 5-9 lists the change in efficiency with 
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increasing sample duration for the two basket mesh 

sizes tested: ~Colss (3a) “and (4a) give the average dry 
Sap lemacatchmrorecacheoL thesduretionserCol sima(eb) Sand 
(4b) give the change in efficiency from that of the 
shortest duration computed from Table 5-8. The results 
abewinconclusive weor the firstetwowt low cond 1tions. 
There are some efficiency changes however these are not 
Significant when compared to possible transport varia- 


ELOnS. 


The third flow condition shows a definite 
decrease in efficiency as the sampler catch increases. 
From this it would appear that sampler overfilling has 
the greatest effect on high transport rate conditions. 
To verify this more sampling would be needed. A rough 
guide to keep the effect of this overfilling to a 
minimum would be to adjust the duration so that the 
sample volume for 90 percent of the samples is not 


greater than 1/3 to 1/2 of the total sampler volume. 


Variation of Sample Means with Sample Size 


The transport data was examined in an effort 
to determine the effect of varying the sample size on 
the@eanplesmean.mweAseiandicated tne lebless455 @4ocmend 
4-9, 50 samples were collected and averaged to arrive 
at thescamplel mean used in)computing the efficiencies, 


In order to determine if this was an unnecessarily 
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large sample size, sample means using all possible 
CONSCEN LA VomCombinat? OnSmO ial Mes) mesa bine 47, 48 and 
49 samples were computed. These were then compared to 


the sample mean using 50 samples. 


Fig. 5-6 is a plot of the percentage deviation 
of the mean transport rate using n samples from the 
mean using 50 samples against sample size n for the 
1.4 mm basket sampler. The data for all three flow 
conditions was combined on the basis of the sampling 
duration being the longest, intermediate or shortest 
used for that flow condition. After approximately 20 
samples there was no difference of the curves for the 
various durations. The Feemease ie deviation for sample 
sizes! Jargér’ than 20, is probably, due to the usevot 
the 50 sample mean instead of the population mean which 
was not known. A sample mean based on a size of 20-25 


samples would give a good estimate of the true mean. 


For fewer than 20 samples the curves indicate 
toatethesdevitati ouewas SleSSeLOLELONGOCIAGUutatd ONS matali Ss 
difference was fairly small and was probably offset by 
the decrease in efficiency as the sampling duration 
increased. This decrease in deviation was to be 
expected since the variance of the indicated transport 
rate distribution will decrease with increasing duration, 
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Analysis of the 2.4 mm mesh basket and slice 
sampler data gave results which were similar to those 


of thes 12 4>mne mesh = basket 


Scaling Up of Model Sampler Efficiencies 


The model sampler transport data was scaled up 
by the factors determined™@in* Section os. lois Table 5-10 
lists the sampling results for both the model and proto- 
type samplers. Col. (3) gives the model transport rates 
which@were® listed in Table "5-7." Col.* (4) lists -the 
equivalent prototype transport rates found by multiplying 
EheeValucswoLe Col. (3) =by the™transpert rare per unit 
Width escalemore5y 5.8) Cole (7) “olves the erirciencies 
aSsSOCcratecdewici tnese: transporte tates. = al10.m5o-7 hes 
a plot of sampling efficiency against unit width 
transport rate for the two model basket sizes tested. 
Fig. 5-7-B is a similar plot for the prototype sampler 


values. 


When sampling in the field, neither the actual 
transport rate nor the sampling efficiency are known 
beforehand, so that Fig. 5-7-B would necessitate an 
iterative type solution. This was avoided by defining 
aA tSamplere catch rates, Chr which was found by dividing 
the average dry sampler catch by the duration. Col. (5) 
of Table 5-10 lists the sampler catch rates determined 


from the sampler models. Col. (6) 1s the prototype 
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sampler catch rates found by multiplying the values of 
Col. (5) by the catch rate scale of 25v¥5. Fig. 5-8-A 
shows a plot io£ sampler catch rate against unit width 
transport rate for the two model basket sizes tested. 
Fig. 5-S8-Baistavsimilar plot for the prototype sampler 


values. This plot does not require an iterative solution. 


In field sampling a catch rate can be obtained 
by taking the estimated dry weight of each sample and 
dividing it by the sampling duration. Entering the 
OudinatemO mali. 65> —o bow) the the evo Mie estou ary it 
width transport rate can be read off the abscissa. The 
GUS ERUOUGLOnNEOLeCranSporcerateswitn timem Orga sfteLd 


Situation could be estimated using this procedure. 


Teesnould be noted that fig me seo eon lyedpoies 
ere) Geagicy SHOP Suhaiy o4 PAM Bikey eles BNON Glials Nemici dae Gleinledhoes iakale 
ertner a 1/4 inch or 1/2 in. mesh basket. An vapplication 


Obmthvsertigure to £16ld9data will beggiven in ect one. o. 


Suggested Field Sampling Procedure 


JB All samples taken at one section for one flow 
condition should be of the same duration and 


have approximately the same period between them. 


Dis Begin with a sampling duration which is thought 
to produce maximum sample volumes of from 1/3 


fon) /2 00 tne total canplernsvolumes 
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he After a number of samples have been taken check 
to ensure that the sampler is not being over- 
Geived bysmores than, LOPtorlsapencent otmrcne 
samples. If this is the case, decrease the 


Sampling duration. 


4. If the sampler is catching very small amounts of 
bed-load, increase the sampling duration so that 
am average catch would Occupy 175 to 1/4 cf the 


sampler. 


5 Collect as many samples at each section as 
Variability of discharge and time will permit. 
Pie posstples20 ssamples  shouldsbeseakengatecach 


sampling location. 


Ge Take each sample catch and divide by the sampling 
duration to arrive at a catch rate for wet 


bed-load. 


We Gorrect this) value for moisture content co 


aGoLVvemeceanCacChe valeuOmary soCo— Load. 


Gr EntereriTcemooe—bawithe@thistcatcheraterand 
from the curve for the particular basket type 
determine the average dry transport rate for 


that sample. 
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To test the results of the laboratory modelling, 


sample data compiled by Hollingshead (1971) from the 
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studies of the Elbow River were re-calculated using Fig. 
5-8-B instead of assuming a constant sampling efficiency 
of 45 percent. Cols. (1) to (4) of Table 5-11 repeats 
some of the data for the Elbow River as given in Table 
TeoteHoliingsneadm(lo7 1) ga tThescatchenates sn ( Col ..5) 

were obtained by taking the indicated bed-load discharge 
as given in Table 1 and reducing it to the average catch 
for a 2 foot wide 1/4 inch mesh basket sampler. The 
values of Col. (6) were computed from the curve for the 
1/4 inch mesh basket of Fig. 5-8-B. The estimated 
coarse material bed-load (Col. 7) was obtained by 
multiplying the values of Col. (6) by the width of the 
bed movement. Values of total bed~load were obtained 

by dividing the values of Col. (7) by 0.7 (suggested by 


Hollingshead) to account for fine material deficiency. 


Fig. 5-9 plots the re-calculated total bed- 
load discharges against fluid discharges and compares 
these with the curves obtained by Hollingshead from 
estimatessot pit rela Llings torei968eandel950- marie 
agreement appears to be very good, indicating that the 


laboratory modelling produced reasonable results. 


Some of the transport data collected on the 
Elbow River (Samide, 1971) was scaled down to obtain 
transport rate distributions with which the laboratory 
results could be compared. Two Elbow River discharge 


ranges were examined with approximately 25 basket 
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samples collected in each range. Fig. 5-8 was used to 
predict prototype transport rates from the basket 
samples. The distributions obtained were then scaled 


down and compared to laboratory data. 


Fig. 5-10 gives the cumulative frequency plots 
LOnsene met relidvand slaboraLlocyvedata me Erometn) sed tecanmoc 
seen that the general shapes and ranges of the distribu- 
tions are approximately the same even though the mean 
rates differ somewhat. The flume transport rate 
distributions appear to be true scale models of the 


distributions encountered in field sampling. 
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CHAPTER 6 


CONCLUSIONS AND RECOMMENDATIONS 


6. Conclusions 


PnesObDServat! ONS Of SeCtlLOon 4 band resi cenoL 


Chapter 5 lead to the following conclusions concerning 


the behaviour of basket-type bed-load samplers: 


dle 


The constant sampling efficiency of 45% 
formerly used for most basket-type bed-load 
samplers, appears to be too large for all 


but the highest transport rate tested. 


Themsspaingrerrietency forethe two sizes) of 
basket mesh tested, decreases as bed-load 


discharge decreases. 


The bed-load samplers appear to catch material 
WhkcheiSs characteristic in grain sige of the 


actual bed-load greater than 1.41 mm. 


The sampling should be of a duration such that 
no more than 10% of all samples have a volume 


greater than 1/2 of the total sampler volume. 


Tt 1s necessary to collect” approximately 20 
samples to arrive at a good estimate of mean 
bed-load discharge. For fewer than 20 samples 
the reliability of the sample mean drops 


fairly, rapidly | withssampile) size. 
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Scour at the corners of the sampler causing 
the material to deflect around the edges and 
the decrease in flow velocity at the sampler 
entrance are probably the two main reasons 
for the low sampling efficiencies reported 


in the study. 


The application of model results to field 
data indicates that the Froude modelling 


was satisfactory. 


The application of the bed-load prediction 


techniques to the flow data obtained in this study leads 


to the following conclusions: 


bed-load 


is 


The bed-load prediction techniques when applied 
to the flume centreline data produce better 
results than when applied to average cross- 


sectional data. 


The three techniques tested, indicate centre- 
line transport rates which fall within a 


factor of 3 of the measured rates. 


Several conclusions concerning the nature of 


transport in general can be made: 


The sampling methods employed in this study 
were very time consuming and laborious. An 


automatic sampling or continuous recording 
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apparatus would be of great benefit in future 


flume studies. 


ae An analysis of sampling data indicates that 
the distribution of transport rate with time 


LiSmSquaremcloote normally distributed. 


She Dune-type bed-forms found in this gravel 
transport study were of two distinct patterns 
although che hlow was Subcriticalstorea ly! 


conditions. 


4. There appears to be an entrance length 
associated with the development of dune 


heights and wavelengths in a flume. 


6.2 Recommendations 


The following recommendations can be made from 


the results of this study: 


Ls Consideration could be given to determining the 
effect on sampling efficiency of other depths 


of flow. 


aie Very low transport rates could be investigated 
to determine conditions under which the sampling 


efficiency will become zero. 


Sis The basket-type bed-load sampler, used in gravel 


rivers can give reasonable results, however, 
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care should be taken in the selection of 
durations and procedures to carry out the 


sampling. 


The development of a reliable automatic 
sampling system or continuous bed-load dis- 
charge recording apparatus would be of 


great benefit in future flume studies. 
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APPENDIX A - FIGURES 


B-NESPER SAMPLER 


FIG.2-1 EARLY BASKET SAMPLERS FROM HUBBELL . 1964 
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OF THE UNIT WIDTH TRANSPORT RATE 
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CUMULATIVE FREQUENCY — PER CENT 
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FLOW CONDITION NO. 2 


SAMPLING DURATION—60 SEC 


FIG. 5-3-D NORMAL PROBABILITY PLOT OF THE SQUARE ROOT 
OF THE UNIT WIDTH TRANSPORT RATE 
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FIG.5-3-E NORMAL PROBABILITY PLOT OF THE SQUARE ROOT 
OF THE UNIT WIDTH TRANSPORT RATE 
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FLOW CONDITION NO. 2 


SAMPLING DURATION — 180 SEC 


FIG. 5-3-F NORMAL PROBABILITY PLOT OF THE SQUARE ROOT 
OF THE UNIT WIDTH TRANSPORT RATE 
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FLOW CONDITION NO. 3 


SAMPLING DURATION—-10 SEC 


FIG. 5-3-G NORMAL PROBABILITY PLOT OF THE SQUARE ROOT 
OF THE UNIT WibTH TRANSPORT RATE 
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SAMPLING DURATION — 20SEC 
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FIG.5-3-1 NORMAL PROBABILITY PLOT OF THE SQUARE ROOT 
OF THE UNIT WIDTH TRANSPORT RATE 
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FIG. 5-4-B TRANSPORT-EFFICIENCY RELATION (FROM  DIST’NS) 
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TABLE 4-1 
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BED SLOPE, WATER SURFACE SLOPE AND DEPTH DATA 
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BED-LOAD SAMPLER DATA 


FLOW CONDITION #1 


SAMPLER TYPE: 


SAMPLE 
ID 
NUMBER 


145001 
145002 
145003 
145004 
145005 
145006 
145007 
145008 
145009 
145010 
145011 
145012 
145013 
145014 
145015 
145016 
145017 
145018 
145019 
145020 
145021 
145022 
145023 
145024 
145025 


CART SAMPLER 
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246 
180 
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TABLE 4-4-A 


DRY 
SAMPLER 
CATCH 


LBS 


24,80 
16.54 
37.64 
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31.47 
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24.70 
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Zoe0L 
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SAMPLE DURATION 
SAMPLE INTERVAL 


LB/MIN _ 
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TRANSPORT 
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BED-LOAD SAMPLER DATA 


FLOW CONDITION #2 


SAMPLER TYPE: 


245001 
245002 
245003 
245004 
245005 
245006 
245007 
245008 
245009 
245010 
245011 
245012 
245013 
245014 
245015 
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245017 
245018 
245019 
245020 
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ES AOE 
245023 
245024 
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CART SAMPLER 


ate) 


ihrey! 


TABLE 4-4-B 


DRY 
SAMPLER 
CATCH 


LBS 


4.90 
6.10 
1.02 
5.30 
2.91 
4.60 
8.39 
6.99 
1Oso78 
11.66 
Suan 
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7.29 
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TABLE 4-4-C 


BED-LOAD SAMPLER DATA 


FLOW CONDITION #3 SAMPLE DURATION = 20 SEC 
SAMPLER TYPE: CART SAMPLER SAMPLE INTERVAL = 240 SEC 
DRY 
SAMPLE STRAIN SAMPLER TRANSPORT 
ID IN CATCH RATE 

NUMBER IN LB _LB/MIN _ 
342001 98 9.58 2374 
342002 119 11.66 34.98 
342003 72 6.99 20moy 
342004 88 8.58 ayrne 
342005 227 2250 Gees 
342006 144 14.15 42.45 
342007 59 5.69 17.07 
342008 136 POG 38.28 
342009 179 Ese 52.89 
342010 hey 14.95 44.85 
342011 138 Tee 56 40.68 
342012 P20. Te 97 35.91 
342013 ial 1087 326 
342014 125 12h 2G 36.78 
342015 158 ESAS 46.65 
342016 156 15.34 46.02 
342017 100 9.78 29.34 
342018 161 15.85 47.55 
342019 22 215 82 65.46 
342020 Ad 4.20 1206 
342021 2 SO 7 35.91 
342022 148 1 55 43.65 
342023 219 Mh ales) 64.83 
342024 123 12507 tiqal 
342025 147 14.45 43.35 
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TABLE 4-5-A BED-LOAD SAMPLER DATA 


PROn GONDITION #F. 1 SAMPLE DURATION = 39 SEC 
patrons TYPR =: SLICE SaMPLEE SAUPLE INTERVAL = 180 SEC 
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NUMBER DEG-F Bp CE {INF 2 
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TABLE 4-5-B BED-LOAD SAMELER DATA 110 


FLOW CONDITION # 1 SAMPLE DURATION = 45 SEC 
SAMPLER TYPE : SLICK SAMELER SAMPLE INPERVAL = 180 SEC 
SAMELE WATER SAMPLER TRANSPORT 
ID TEMP CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
114001 ae 3.66 13.95 
114002 2. 0.70 Dre bal 
—- Me ee Seer pean. eek Ye G, a. 39 
114094 fe +. 2g 12.53 
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TABLE 4-5-C 
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Yr isl 


SAMPLER 


TYPE 


CONDITION 


BED-LOAD. SAMELER 


CE SAMPLER 5 


SAMPLE 
ID 


NUMBER 


WATER 
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TABCE A-5-1) BED-LOAD SAMELBR DATA 
FLOW CONDITION # 2 
SAMPLER TYPE : SLICE SAMPLER 
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SAMPLE HATER SAMPL TRANSPORT 
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TABLE 4-5-E 


BEU-LOAD SAMELER DATA es 


FLOW CONDITION € 2 SAMPLE DURATION = 120 SEC 
SAMPLER TYPE : SLICE SAMPLES SAMELE INTERVAL = 180 SEC 
SAMELE WATER SAMELER TRANSPORT 
Ip TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
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SawrLEh TYPE = SLICE Sat 
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ADT WE AMDT 
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SAMELE WATER SAMPLER 
ID TEME CATCH 
NUMBEP DEG-F LBS 
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TABLE 4-5-G BED-LOAD SAMPLER DATA 11> 


FLOW CONDITION # 3 SAMPLE DURATION = 10 SEC 
SAMPLER TYPE : SLICE SAMELEb SAMPLE INTERVAL = 180 SEC 
SAMELE HATER SAMELER TRANSPORT 
TD TEME CATCH RATE 
NUMBER LEG-F LBS LB/ (MIN-FT) 
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TABLE 4-5-H BED-LOALD SAMPLER DATA 116 


FLOW CCNDITION # 3 . SAMPLE DURATION = 20 src 
SAMPLER TYPE : SLICE SAMPLER SAMPLE INTERVAL = 180 SEC 
SAMELE WATER SAMPLER TRANSPORT 
ID TFME CATCH RATE 
NUMBER DEG-F LBS LB/ (#1N-FT) 
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BELG 43 SAMPLE DURATION 


FLOW CONDI = 30. Sic 
SAMPLER TYPE) : SLICE SAMELEF SAMELE INTERVAL = 180 SEC 
SAMPLE WATER SAMPLER ‘TRANSPORT 
TD IFME CATCH RATE 


NUMBER PEG-F LBS LB/ (MIN-FT) 
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TABLE 4-8-A BED-LOAD SAMELER DATA 1 


FLOW CONDITION # 1 SAMPLE DURATION = 30 SEC 
SAMPLER TYPE : 1.4NM MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMPLE WATER SAMPLER TRANSPORT }~— 
1D TEMP CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
123001 ae oo °15 0.94 
123002 Tak: 0.09 0.44 
= ‘ecivies Se (ee ee Kaos - 
123004 yi ek 0.40 1.97 
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TABLE 4-8-B 


FLOW 


SAMPLER 


CONDITION 
PACE TS 


SAMELE 
iD 
NUMBER 
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124007 
1240C8 


“724009 


124010 
124011 
124012 
1424012 
124014 
124015 
124016 
1249017 
124018 
124019 
124020 
1402 1 
124022 
124023 


124024 


124025 
124026 
124027 
124028 


124029 


124030 
124031 
124032 
124033 
124034 
124035 
124036 
124037 
124038 


T24U040 
124941 


124042 


12404 3 
124044 

=) 
124046 
124047 


~— 124048 


124049 
124050 


BED-LOAD SAMELER DAT 


+ 4 ; 
1.4MM MSH BASKET 


SAMPLE DURATION 
SAMPLE INTERVAL 


ou 


120 


WATER SAMPLER TRANSPORT 
THe P CATCH RATE 
DEG-F LBS LB/ (MIN-FT) 
70. 0.88 2.88 
70. O25 0.82 
re Ocag OG. ee |. 
VR ORs 1.416 3.79 
70% 0.60 14.997 
10% 70.59 1.94 
10% 0.91 2.99 
70. 0205 ‘Tege be 
10% 0.58 An Go ae ij ~ 
70% 0.57 1.86 
704 0.49 54 
rae 1.22 3.98 
vile O203 ery 
I+ 0.62 2.04 
Alas 0.28 20.92 eager ies 
TAG 1.44 4.70 
A Es 0.66 2.15 
hE 0.45 1.48 
ales 1st 3.74 
ale 0.53 14.92 
TAs 7.00 r. she aie: 
ree 12.10 3.59 
qe 0.78 2. 5 
7 ees 0.83 Bago 
y Ria’ CLO 2.94 
Wes O47 1.53 
42% 0.76 PAU uk tue Boe. eee 
725 1.06 36.45 
hoe 0.94 3.07 
hee 0.38 jn 20 
72¢ 0.66 ae 
TS 0.61 2.00 
70% 04g oe MAD inte 
wae hare) 2ea8 
73 0.88 2.87 
Tae 1.20 3.92 
peas 0.22 373 
ase 1214 3.72 
rth i 0.506 T. 82 ere 
7 Bs 0.46 1256 
73h 0.19 0.62 
73%. 0% oe 1.71 
ries 0.67 2.19 
745 0.86 2.81 
. 200 Seue ; 
ails 0.44 1.45 
Ju. 6,23 0.74 
7a5 0.94 3.06 
7a 0.30 0.99 
74. 1.14 3.74 
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TABLE 4-8-C BED-LOAD SAMPLER DATA 121 


FLOW CCNDITION # 1 : SAMPLE DURATION = 60 SEC 
SAMPLER TYPE : 1.4MM MSM BASKET SANELE INTERVAL = 90 SEC 
SAMPLE WATER SAMPLER TRANSPORT == = © 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
125001 73. 1.05 eS] 
125002 qa: 1.03 2253 
125003 fis phe ke es alot sae ee 
125004 To 0.48 eae 
125095 why 0.80 1.96 
125006 fie 0.93 eA: 
125007 oe 0.86 2.10 
12500€ Lie i Wes(ihe 3.49 
— T25009 7H, im es ee meres pene 
125010 Wik 1.29 3215 
125011 Tus 0.63 1.54 
125012 74. 0.67 1.63 
125013 74. 137 2772 
125014 Tee 0.66 1.62 
725015 7a. ip nis ADE cc Re ay 
125016 15% Cn7s 1.78 
125017 75. 0.96 ee 
125018 rhe aa 1.51 35.76 
125019 75. 0.66 1.61 
125020 75. 0.88 B15 
ist ae te Cao tare, tt one ny ene, es 
1250-22 715. 0.79 1.93 
125023 75: os72 eT7 
Se S024 MPa ; 0.41 7 a0n 
125025 76. 0.63 1.55 
125026 76: 1220 2.95 
(ES ee, hs | Ages anaes & ; 5 pene a ¢ 9-1 > bo A Ty are GB) 
125028 76. 0.73 ne73 
125029 76. eg el 3.61 
eh Pete hate 0.10 Vingtde 
125031 76. 0.93 2. 39 
12£032 76. 1.00 2.46 
aoe yo4s) ge, © T.24 ee Li Ge aah 
125034 Las 0.55 1.35 
125035 yb 0.16 0.38 
125036 Lae = ieee bg ks 
125037 77 1.05 2.58 
125033 vk eae 2.86 
725039 WK Lashom esr 
125040 | ie 0.99 Sie 
125941 i Era 0.49 Bate 
125042 tie 0.388 2.15 
125043 qos 1501 25 HF 
125044 78. 0.73 1.90 
iteaas| sts... Js... Uran ogee : a 
125046 78. Wee 0.80 
125047 78. 0.94 te Bs 
125048 73° a tesa hs oS 74 
125049 154 0.65 1.59 
125950 Wisi 0.33 0.8? 
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TABLE 4-8-D BED-LOAD SAMELER DATA 
FUOW CONDITION #.2 SAP PLE SSD URAL Le Ne — GOMSLE 
Sait i TYPE :*1. SMM MSH. BASKET SUP been eR Vea de = SO SEC 
SAMNELE WATER SAMPLER TRANSPORT 8 2° 
ID TEME CATGH RATE 
NUMBER DEG-F LES LB/ (MIN-FT) 
225001 70. 0.15 0.36 
225002 Ore 0.14 0.35 
, a 225003 Os oe. "aa ee ee a 
225004 woe OS10 0.46 
225005 (ae 0.28 0.69 
225006 TAS Oc 0.76 
225007 ii nO 425 0.61 
2250C8 Pay Ona 7 Of09 
225009 ba jowe a one Pek be eee 
225010 ie 0.06 0.15 
225011 “he 0.05 O.18 
225012 ee 0.96 0.74 
225013 Fale 0.67 1.64 
225014 fie 0.57 1789 
| SSS Se 2 Ne a a bp eens 25° 9 me ich, = ear ers 
225016 yun 0.26 0:63 
225017 hee 6.10 6.24 
225018 ype G24 0.59 
PISO 19 Toe 0.46 1.112 
225029 de 0:24 0.51 
RN et ee eee ; TO oo ts 
2250.22 Pas 0.08 aoe 
225023 pti 0.40 0.98 
225024 pees lie hagirmeaes 0.29 Gare 
225025 9 12 Ors ti, 0.42 
225026 ve 0. 70 0.25 
225022 hE ale Ono 5 
225028 Tis C5 Ona, 
225029 ioe On 20 0.67 
“225030 Tie 0.46 rita! 
22505" oye Gs Sif epee 
225032 aie Os 16 0.45 
225033 eee 0.34 0. 83 
225034 ihe On 12 0.28 
225035 hike On12 0.30 
225036 dk 0.04 0.09 
225037 ga ogee o8413 
225038 hye 0.43 1.06 
SES ET Li E51 Lec Ls Lea A “Ae ees ae 0 OF der 
225040 75. Omid 0.26 
225041 hoe 0.07 Otiag 
“225042 7) ean oe 0.24 0.59 
225043 75. Gate 9.43 
225044 7a. 0.38 0.92 
Pte eeO TM ee Oa TOTO !””~CO Ce ie Ca aaa 
225046 1 Gee Omg 0.66 
225047 76. 0.50 1. 22 
~ 22504 € 1 Een pe OALG 0.40 
225049 1 bp 0.24 ‘0258 
225050 76. Ove 1 Riper 
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TABLE 4-8-E 


BED-LOAD SAMELER DATA 


123 


PLOW CONDITION # 2 ace’ SAMPLE DURATION = 120 SEC 
SAMPLER TYPE 1.4MM MSH BASKETY SAMPLE INTERVAL = 90 SEC 
SAMELE WATER SAMPLER TRANSPORT 
ID TEME CATCH RATES 
NUMBER DEG-F LBS LB/ (MIN-FT) 

226001 65. 0.64 p278 
226002 65. 0.53 0.65 
SG Sera xe Ta he pai 65. (rocuet <1. Oelee = ao oe 
226004 66. 1.00 123 
226005 66. 0.54 0.66 
226006 66. 0.20 0.25 
226007 66. “OSU 0.70 
226008 66. 0.93 That 
220009 66. espe 7 eg Ve eee 
226010 66. 223 0.28 
226011 67. Gas 0.56 
226012 aT. 0.68 0.83 
226013 67. 0.64 Gare 
226014 67. 0.16 agi) 
226015 68. ee ae ; 
226016 68. 0.34 0.42 
ab 1,7 68. 0.08 0.10 
226018 68. Oui Grae 
226019 69. 0.13 0. 16 
226020 69. 0.33 0.41 
- Z20uz2), °°. | 69. 0.86 Wak "TOG -e : Di 
226922 69. 0.82 1.00 
226023 69. 0.56 0.68 
~ 226024 69. 0.98 18 
226025 69. 0.84 1.03 
226026 a0. 0.27 0.33 
retin 2) gj) eS O20. ets be wi 
226028 TOs 0.66 0.31 
226029 Toe 0.48 0.59 
226030 Vor 0.16 2. 20 
226031 70. 6230 0. 38 
226032 iBle eee hs Wee ake 
EE SS ns Ao) WS Be nea teeny £y 1 Uno, 9 e.. 1." ea) Pot . i 
226034 ihe 0.30 0.36 
226035 ate nod 0.34 
226036 14 oa 0.68 0.83 
226037 ratte 0.36 0.44 
226038 1) hes 0.66 9.81 
Te mere 7-8 ie ts Meee £9? J Leos mar airs! Fe - 
226040 yer Oengal 0.87 
2260451 182Rs 0.20 0.24 
226042 View 0.85 1.04 
226043 one 0.64 0.78 
226044 74. 0.14 BO iD 
Dit eon Sai... eS !:~C ee a ee 
226046 70a 0.09 Osa 
226047 ie 0.46 a7 
~ 22604 E {ied 9233 0.40 
226049 oe 0.67 0.82 
226050 phew 0237 0.46 
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TABLE 4-8-F BED-LOAD SAMPLER DATA 124 


PEON CGM LREON # 2 SS Meh OUR AR IEON = | ROI SHE 
SAMPLER TYPE : 1.4™M MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMELE WATER SAMPLER ‘TRANSPORT —™ 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
227001 7. 0.29 0.24 
227002 7. 0.28 eee 
227003 aay | Oe KN s : 
227004 72. 0.16 eerie 
227005 hae De he 0.59 
227006 79. ‘Oy ard 0.14 
277607 80. “OR37 On 7s 
227008 80. 4 1.64 
De ho 80. 0.96 + 2 ore. 
227010 30. G23 0.60 
276 41 80. Oo 0.09 
227012 80. 0.54 0.44 
Z2KOV 80. 0.34 0227 
227014 80. 0.58 Oo. UF 
_ aeACiae Oe Cay i, nied EY ee 
227016 80. 0.20 OPTS 
A2 ROT 80. 0.44 0.36 
227018 Ot. 1.20 0.98 
227019 31. 0.31 0. 25 
227020 B4. 0.75 oe OS bl 
os 22102 1 oe 0.76 Tw: oe ee ee 
221022 i 1.24 1.01 
227023 eA. 0.75 0.62 
ey a1 GR Ba. 0.61 0..50 
227025 82. 0.83 0.68 
227026 82. 0.54 0.44 
oe. Ye ties 42. Sr ey c FR Wied, beso 
227028 a2: 1.09 0.89 
227029 82. Ari 0.63 
227030 S25 0.36 O30 
yw (ie g aie 0.59 0.49 
227032 7 ee 0.64 0.52 
7 221033 = 0.69 Pe Us sais 
227034 cae 0.76 0.62 
227035 22. 0.61 0.50 
221036 e2. 0.53 0.43 
227037 ae ee 0.22 
227038 72. O43 0.38 
ee Seg eye! eS) en 
227040 he 0.90 0.74 
227081 aS 0.89 0.73 
227042 AS ea 0.74 0.6: 
227043 13. 0.40 0.34 
227044 a3. 0.29 O228 
henna ay ey 1) Ss an i aaa aia a Ra eee eat Ma ares 
227946 a3 0.22 0.18 
S21 087 gi O24 O12 
22704UE CP j 0.54 0.44 
227049 7h, 0.49 "0.40 
227050 74. O54 er w 
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TABLE 4-8-G BED-LOAD SAMELER DATA 12 
FLOW CCNDITION # 3 | SAMPLE DURATION = 10 SiC 
SAMPLER TYPE : 1.4§M MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMELE WATER SAHFLER TRANSPORT 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FL) 
321001 80. 0.10 1.50 
321002 80. 0.85 12.49 
| an: Ke 0 (Ys eae BO. 0.89 ees ee ee) te rai 
321004 80. eee 3.09 
321005 89. 0.60 8. 8B 
321006 30. aris ae 
321007 80. aneyae heey 
3210C8 gO, eee. 4.01 
ce aan Be 5 HTK 5 Fe ; eee ate Ac rs ee 
321010 80. 0.32 u.74 
321011 80. rage te 5.45 
ay ae ne 80. 0.09 eee 
321013 80. 0.11 regs 
321014 80. oe 16 est 
S2A015 BO. en oy! i ae ee : 
321016 30. 0.14 2.05 
321017 80. 0.19 oes 
321018 80. 0.14 oa 
321019 80. 0.24 2a 
321020 80. (faa Wace 
=21021 BO. 0.26 ew nf eg Gre 3 fg ne i cel pe 
Spee bey 80. 0.47 ae 
321023 80. igs ae 
Seanehs 80. gf37 Hee: 
“phe 80. 0.18 2.66 
cea 81. ie rier 
: Boao cB cree ie Goa eae ee 
321028 a1) 0.18 2.60 
321029 81. Wee nea 
: 321030 81. 0.20 2.94 
321031 ce 0.59 8.63 
EVRY oh nee PN: 
Pitino +) A121) 1 ase aL } Msesh® eg sa =~ 7 eines 
321034 81. ge hy ge. 
321035 81. 0.09 1.25 
pepe AN G ee i ae 8.02 
21037 81. 0.20 2.91 
321038 aae 0.39 ge: 
327039 5 a6 th Fi Bs ~* ecoas Wir fe Pe oe 
321049 81. 0.43 6.40 
321041 ere 0.44 6.49 
or ty a Ge) oe joys) u.7u 
321043 81. 0553 7.83 
321044 es 0.46 6.70 
Sots - 23 sre a uy fe one m= 
321946 81. 23 5.33 
321047 81. 0.18 a eG 
—321008 ere ‘leg: 8.45 
321049 81. spe ks Teae 
321050 81. 0.09 1232 
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TABLE 4-8-H BED-LOAD SAMELER DATA 
FLOW CONDITION # 3 SAMPLE DURATION = 20 SEC 
SAMPLER TYPE : 1.4MM MSH RASKET SAMELE INTERVAL = 90 SEC 
SANELE WATER SAMELER TRANSPORT ose 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (NIN-FT) 
322001 The 0.65 ie fT 
| 322002 7h 0.35 2:56 
< 322003 ole O54 te Py au 
322004 ere 1.05 og 
322005 ike Cone 2.39 
322006 igh .0.19 Agee 
22007 Bane 0.33 ono 
322068 V2 0.65 Hy Sake 
aa 322009 He 0.80 tc atte ae 
322010 nae 0530 B20 
322011 nae 1.39 joee 
729042 hee oa 2536 
A220 3 Be 0.26 1.88 
3220174 aes 0.42 a4 
322015 ao: Ee ee 5) ee : 
322016 78. Csi 5.66 
ae204g “Ee ae 4.25 
322018 76° 6.97 Lie 
322019 ee 0.70 Steps Be 
322020 OX 0.56 ANae 
322021 Zoe Cade” sien ek ey “y 
322022 78. 0.98 722 
322023 7h 0.28 2.08 
see? u 1S. 1.604 7360 
POP IONS 78. eres 5.52 
322025 ae 0.24 pete 
322027 os b.ae beets 7 
322023 78. G97 Tae 
322029 78. 0.45 per: 
722030 78. 0.53 pag Aes 
322031 78. 0.60 4, 39 
320022 78. 0.55 4.07 
322933 wee 0.90 7. pit 3 + ee 
322034 1B. 0.81 5.95 
322935 78. 0.58 4,25 
322036 nee 0.76 5.59 
322037 woe 0.37 pee 
222038 = fee 0.45 ce be i 
| 722039 - 70 « 0.75 5.48 
322049 ioe 0.80 5.88 
322041 a Ke 0.28 2.08 
meacaanees paged OF; Ke wa 0.84 6.18 
322043 79. ike ae ci3 
322044 sey 0.30 2.19 
— ID7I04 se acer TU SEE] SO Beth ‘wate 
322046 ae 0.24 spends 
322047 rhe 0.28 2.08 
322048 Woe Daa 2.45 
322049 79. 0.80 5.89 
322050 ee Os 62—- u.5u 
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TABLE 4-8-I BED-LOAD SAMELER DATA 
FLOW CONDITION # 3 SAMELE DURATION = 30 SEC 
SAMPLER TYPE 1.4MM MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMELE WATER SAMPLER TRANSPORT 
Th TEMP CATCE RATE 
NUMBER DEG-F LBS LB/ (AIN-FT) 
303003 ee O.62 aes 
323002 Hf pra Oso page PF 
| ESSARY Ke Te 9 (7 5 he Dy 57S ‘Donna i SB, a ee 
323004 eM 0.53 2. ba 
323005 i Be be A ad ze pF 
323006 1 es 0.49 acu 
323007 aie "07a 4.16 
32300€ We? Me 0.78 2085 
‘-- 323C0S y Bs es Oa aS a, aaa 
323010 net ae 1.68 siege. 
323011 ae ee pee 
aot 9 Bey. ota 1.50 
323013 AP os, “eae Bas SRS 
323018 # helps « Wea Ua 6.44 
ie Bee Yo ay P36 Giga 1 SET ee 
323016 a Rete eero 6.78 
2a 1a jee 1.44 5. ae 
323018 ¥ Be sess all 
323919 ean Nee 1.60 
323020 nh 0.90 ga 
ies | Dae 0.63 sae i | er ee 
cw it yy. 7 Pete G.55 eae 
4243024 vice 1.08 SG SEP 
323024 AS Late 6.04 
323025 ess Goa 2 Lan 
323026 hie O.45 2043 
ESSERE Boas fy Fe [a he ly Fo ess Fee es 6 eee - Cae 
s25028 g 8S he Zea 10.05 
323029 a 0.91 4.46 
re aCe ee es G.28 y Howe 4 
323031 Lies ee ed, ee. 
323032 vei ge 0.67 228 
= wae FOR Rs 44. amet ee Te 60: ? es! 
223034 7 He eye ee S58 
323035 Wik. Oo. 52 2.909 
323036 phi @ 0.89 4.36 
323037 ike 0.60 reir: 
323038 A 0.64 gh ie 
aM A ii een lh pgp tintemeree at te ar Ech 
323040 74. Pegg 8.60 
323041 Ti 0.89 4.36 
323042 fio 0.83 f.05 
323043 Lo: 0.87 4.28 
323044 tie 0.54 2.64 
ae OT sey &.5 aera eer |e | By paren! 37 | Seles a «fe 
323046 i ae 5 5. 26 
323047 de Sse 0.98 4.83 
3230GE gH es 5 Uae 
323049 dake 0.58 pa SS 
323050 ee 0.41 a0 Un 
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TABLE 4-9-A BED-LOAD SAMELER DATA 
FLOW CCNDITION # 1 SAMELE DURATION = 30 SEC 
SAMPLER TYPE : 2.4MM MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMELE WATER SAMELER TRANSPORT 
ID TEME Srren RATE 
NUMBER DEG-P LBS LB/ (MIN-PT) 
133001 66. Dlep RA 0.83 
133002 66. 0.65 ae 4 
133003 66. 0.84 F J et ea 
133004 66. ees OF 0.82 
T4005 66. 0.03 oc 35 
133006 66. Ried ole 2t97 
133007 52: 0.19 0.93 
133008 0 fe 0.66 He 
ei 7330609 67. ro oo an oe leet Wow 
133010 BL. en a) Dine) 
133011 67. 0.49 2. 40 
Taste Ais T2034 5.07 
133013 G7: OSS 2 2255 
133014 Sw hes eae | Syke 
A F330 15 67. at tes ae L coe 
133016 Swe Oeus 5 Agel ss: 
23077 68. Of75 3.65 
133018 68. 0.04 a 
133019 68. 0.85 4.16 
133020 68. Ge. sey he! 
133021 68. OF760 Re se mas ee 
185022 68. Gean 1229 
133023 yak 0.09 0.46 
osu, & es Rae (3 | eee es: 
133025 rte hear 1206 
133026 Haske Pas) 2253 
135027 Te Gis6° tae a 
133028 reek. 0.06 g73e 
133029 Fale Jesu he Oa. 
133030 Fiile tae | iOS 
133031 tg bas 1. 50 
133032 AS ie 0265 inal 
Te ee BL: Oc Cs ny £6 0.36 ; ats te sO) 
1323034 tte 0.08 Oe37 
133035 are a he OF aby he! 
133035 6 Pus tbeae Fe Shoei te 
133037 18th 0.26 RepeAS, 
133038 6 Ne. 0578 Shelee: 
See ass fi lo 5) ice i eo ks Ba z:. eS ae ane = 
133040 VM he be 0.63 
133041 # bake bhestehe eeu 
i Pa Be Be he 6 ate) 1.00 
133943 At ees Lee 
133044 y EA 0.33 1.60 
iiitnemestti is) o. fae  ) Ue OY oe ie i eee 
133046 Lae ei) +263 
133947 oe 0.26 ih ds 
133048 y be 0.66 hae 
1339049 A Bays Pan ks: 0.86 
Oe HER Ty fi OF S57 a Wl? a 2 


~MEAN=2.32 


BUTE Tr 


= S ri ’ 7 oar : fr ~P _ 
if os peers 
’ a0 _¥ > PERDERE . 
- 


rh, 7 " Srocer 


—=e 
ied 
J 

: 
’ - 
. 7 


7 


2% . >> EYQRED ae 
Ly. «Ve PT HEED ire ome 
~aa “0 1 el eee 
if (i aw er orer. 

ae, t= Ag TTOEETE o 
) ise 1 ah RI HEER > 

ts ‘wed .£0 -  OPQEET 

) . OSOLEL. 
“i | oT .0 a ie” >>. Papen 
> rae a ssoeer 

Pe. mh  ASOERT + 
Tid at -peoeer- 
Gob iv @SOkEr . 
° * : acuctt -_ a : 
| .% ——Tt Bape eee 
Ef at, | mo) BOE 

ve .0 y PSOLE® = 
| ru a: > ‘pgater 
i th. me) | Ents 7. 


- ee fi 2ae 
) ae we 9 7 
oD PORE 

1 4 


7 


| ‘ 


~~ . 
a? tt 
> -) i : = 
wo : 7s 
=a ' ‘ , . | - : ees an 4 
: ] 7) © Ws 
ioe 7e : 


TABLE 4-9-B BED-LOAD SAMELER DATA 129 
FLOW CONDITION # 1 Ak SAMPLE DURATION = 45 SEC 
SAMPLER TYPE : 2.4MM MSH BASKET SAMELE INTERVAL = 90 SEC 
SAMELE WATER SAMPLER TRANSPORT 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
134001 64, 0.65 oe 
134002 64. 0.58 1.89 
os 734093 64. 0.25 ‘ G.75 =o 
134004 64. 0.46 1.54 
134005 64. 17238 4.03 
134006 65. 0.88 2,89 
134007 65. “1.20 1.08 
134008 65. BL yal 3.61 
T34T909 ee ee re hinges She Si ta 
134910 65. as 0.56 
134011 65. 0.50 1 66 
134012 65. 0.30 0.99 
134013 65. 0.78 2.55 
134014 66. 0.85 2.79 
T34015 66. ie he pal oes oa 7 ee ee 
134016 66. i.28 0.73 
134017 66. 0.62 2.07 
134018 66. 0.80 2.6 
134919 66. 1202 7.80 
134029 66. 4.04 4.70 
Sessions: 1: Ay i ie (ieee . 7 ee ce = pre | yah "Sehr ae ® 
134022 aa 1.48 2.38 
134023 er: 0.91 2.96 
1349024 oT 0.51 1.66 
134025 67. OBA 0.79 
134026 67. 6.70 a3 
ee ET 67. eos a: AG) a 
134C28 G7. epee 1.62 
134029 we 0.26 G88 
- 1340230 68. ae 269 
134031 68. 1.39 4,56 
134032 68. S22 2.36 
eo st. 6h ”C™é<C<=C~SCStC“‘“(‘(“(‘#;C:;*;C;*SOY py Pak th os 
1340 34 68. O.ine cae 
134035 68. 0.08 0. 28 
“134036 68. 0.49 1.61 
134037 68. 0.42 1.36 
134038 69. 0.83 2. 72 
[suo )°0°€=C™°”*”*~*~*”~”~”C”CC O.0 5 Sr Pe Wa we 
134040 69. Ooi 0.69 
134041 69. ee 4.30 
“134042 69. 0.93 3.06 
134043 69. 0,32 1.06 
134044 69. 0.82 Ma. 08 
aa tt ae. ie 
134946 70. 0.84 AvtS 
134047 70. Teche 0. 40 
~ 134048 18: 0.34 7. 40 
134049 70. 0.90 2.93 
134050 7G 0.98 4,21 
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TABLE 4-9-C . BED-LOAD SAMPLER DATA ao 


FLOW CONDITION # 1 SAMELE DURATION = 60 SEC 
SAMPLER TYPE : 2.4MM MSH BASKET SAMPLE INTERVAL = 90 SEC 
SAMELE WATER SANPLER TRANSPORT 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
135001 68. 1:58 8379 
135002 68. 7.45 3.56 
735003 68. (35 as oa, 
135004 ~ 68. 0.23 0.56 
135005 69. i209 pe 
135006 69. 1.04 2.56 
135007 69. 7520 2.94 
135008 69. 0.74 \oa2 
735009 69. 7.38 saat oo ee 
135010 69. $720 3.09 
135011 69. 4.78 2.90 
135012 a0 0.08 0.20 
135013 70% 1.28 8.15 
135014 70% Geta Gay 
T35015 70. Soe vere o. toe eee 
135016 the orks 3.33 
145017 70. 0.62 ee 
135018 70. 1.83 4,48 
135019 take 1.48 2°83 
135020 “RE f222 3.00 
735021 rae C00 Pe hag 
1350.22 ile 0.96 2.36 
135023 ey 0.56 1, 36 
135024 was 145 ag te 
135025 TAs Ged 2.06 
135026 72. 4332 Bi 22 
ee Aso? 00lUl”™™™CU Usya = ian Pe) err a o : 
135028 ge 025 3.06 
135929 ce 1.30 3.18 
“1350 30 Lee 1200 2.45 
135031 72% 0.61 1.49 
135032 Vas 0.44 1.99 
Pons a4soess |. Fae a air ae 2s 94 a haan 
135034 Ee 1.30 B67 
135035 res 0.64 15:56 
"435036 om 1.19 pa9) 
135037 12s 1.27 3.12 
135038 73. 0.53 1. 30 
es AS50359 5% ht OT ad aaa amas Be 8 i 
135040 , ue 1.38 3.39 
135041 7s 0.57 13.39 
>. la SON? 74. | 1200 pas 
135043 74, 1.14 2073 
135044 74. 1.04 2,50 
= eny5 C0 ee, ‘hes 
135046 74, 0.69 1.69 
135047 ‘Ly 0.99 . 2.44 
135048 the : 1.56 3.84 
135049 75% 0.88 owai 
135050 19 16 2685 
— ta yi eee es re CANS aed a 
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TABLE 4-9-D BED-LOAD SAMPLER DATA 131 
FLOW CGNDITION # 2 SAMPLE DURATION = 60 SE 
SAMPLER TYPE : 2.4MM MSH BASKET SAMPLE INTZRVAL 2 90 Sic 
SAMPLE dATER SAMELER TRANSPORT  — 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (NIN-FT) 
235001 67. 0.19 0.47 
235002 67. 0.19 0.46 
— 235003 67. eS SS ae 
235004 67. 0.10 0.24 
235005 67. 0.38 0.94 
235006 68. 0.19 0.47 
235007 68. “0.19 0.46 
235008 68. 0.75 1.83 
— 2009 Oke ee Os 22 : G55 ei i 
235010 68. 0.20 0.48 
235011 68. 0.08 0. 20 
235012 68. 0.35 0.85 
235013 68. 0.23 0.56 
235014 68. 0.37 0..90 
235015 ind ye ST plas aa om iam Pa a 
235016 ae 0.28 0.68 
235017 BA, 0.20 0.50 
235018 ¥i. Ge 0. 30 
235019 a. 0.62 4. 52 
235020 ee 0.34 0.83 
Ll re. Oe eG Ok eka) 
2350.22 hd 0.05 OY: 
235023 44. 0.30 0.73 
335024 72. 0.05 die 
235025 War 0.30 0.73 
235026 32. 0.22 0.55 
cia" 1809 em | am 1 tS me he es mace) O 
235028 02. 0.16 0.38 
235029 AG, 0.03 0.07 
2355030 Wee 0.26 0.65 
235031 Tae 0.21 Qy-5 
235032 ee 0.01 0.02 
a 50s. v3. CGS ae a 
235034 Ws 0.01 0.03 
235035 Wie 0.39 0.96 
235036 ie 0.05 0.13 
235037 aay 0.70 eae 
235038 ie. 0. 47 0.42, : 
r =< ee <a 0.03 0107 
235040 ee 0.38 0.92 
235041 xe 0.14 0.34 
"235042 ide 0.04 0.09 
235043 chy O.24 0.51 
235044 73. 0.03 0.07 
S005 : oe A saa OE | aac aaa 
235046 ee 0.16 0.39 
235047 74. 0.04 0.09 
~23504€ Wy: 0.03 0.06 
235049 WA. 0.12 0.29 
235050 74. 0.64 2.07 
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TABLE 4-9-F BED-LOAD SAMELEb DATA 
FLOW CONDITION # 2 SAMPLE DURATION = 120 szEC 
SAMPLER TYPE : 2.4MM MSH BASKET SAMPLE INTERVAL = 90 SEC 
SAMPLE WATER SAMELER TRANSPORT 
ID TEMP CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT 
236001 ai. 0.18 0.23 
236002 75. 0.91 2 ae: 
236903 75. i a “o1n eo 
236004 435; 0.52 0.64 
236005 76. 0.37 LOG 
23€006 TG 0.93 1 a 
236007 76. "0.45 0.56 
236068 76. 0.13 0.16 
iia 76. Mas it : ue Te 
236010 2e. 2 ag 6.27 
236011 76. 0.96 Pam hs 
236012 Whe 0.81 0.99 
236013 7h 0.48 0.59 
2360174 77. 0.28 G..44 
236015 noe ee: Si orn ieee ee 
236016 13 0.68 0.84 
236017 ene date 4.76 
236013 ge 0.46 0.56 
236019 g has 0.16 OG. 20 
236920 vice 0.44 0.54 
236021 hes 0.80 7 Ota ee et eee 
2360.22 Ries 0.37 0.46 
2369023 1G. 0.30 6.37 
"2360240 pie 0.23 0.28 
2369025 riley, 0.08 0.09 
236026 Te. 0.39 0.47 
as roo) lCtCtC:Ci‘“‘“‘i a :é*CST SS Tew OL Geer ee eee oe 
236028 qi, 0.93 ae 
236029 7S. 0.72 0.88 
236030 hee 0.96 1.18 
236031 156 0.45 O. 55 
236032 7S . 0.62 0.76 45 u 
236033 eee Loe 0.09. Se hs 
236034 75. 0.28 0.34 
236035 Was ag ee 0.16 
236036 dere 0.49 0.60 
236037 25. O258 0.41 
236038 1. Qeraig 0.20 - 
“ 236039 Le. Couette 
236049 76. 0.10 h. 2 
236041 ie 6.10 a ae 
236042 TES 0.40 0.49 
236043 78. 0.128 0%. 22 
236044 1c. 0.79 0.97 
ees Jak La 19, ls aac rary («ea aL |B ok — 0.80 eile i tite 
236046 his 0.49 0.61 
236047 qi 0.97 1.19 
2369048 Wie O52 0.64 
236049 fale 0.08 os 10 
236950 Ads 0.89 1.09 
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FLOW CONDITION # 2 SAMPLE DURATION = 180 
SAMPLER TYPE : 2.4MM MSH BASKET SAMPLE INTERVAL = 90 
SAMELE WATER SAMPLER TRANSPORT 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
237001 70. 1:07 0.83 
237002 ac 0.76 6x62 
237903 #08 iscs 7). , Eth 
237004 1% 0.78 0.64 
237005 71% 0.36 0.30 
237006 ike “G464 0.50 
237007 a4 0.95 0.78 
237008 7st 0.68 0.56 
ooo. ih) ea stuo FAs 0.66 G2 58 
237010 De 0.55 0.45 
Baya | ce OL77 0.63 
Bale ren 1222 1.00 
Daicts 73% Gys2 0.76 
23701 kk 454 0.82 0.67 
37015 TEE eee! ee Dp 18 
237016 734 0.45 0:37 
237017 78 0244 0.09 
237018 Jie 0.81 0.66 
237019 ee 0.68 0.55 
237020 7 1412 0.97 
ioe SA7521 <> 7h. Os 47 ; O: 7a 
3370272 74. 0.83 0.68 
237023 75. 0.18 0.15 
FTI IE fie: 0.98 0.80 
237025 75. 0.51 0.42 
237026 75, 6270 0.57 
oe © re Pa ZOD] Vier gs60 0.49 
237028 75% 0.79 0.64 
2370929 76; 0.89 O272 
~ 237030 16% 0.44 0.36 
ric wiih 16% 0.43 0.35 
237032 79. TTS 0.94 
ae 237035 °-0°0°~CSO 19% 0.80 ~~) Ueno 
237034 79% ee, 1.04 
237035 719% 0.95 0.78 
237036 79, Na74 0.58 
237037 80. 0.20 0.16 
237038 B0. 0261 CES 
237039 80. 0207 ee: 
237040 80. 0.41 0.34 
237041 80. 0.77 0.63 
237042 80. 0.45 0237 
237943 80. 0.35 0.29 
237044 80. 0.52 0.42 
= ; O59 wis CAC 
237046 BTs 0.58 0.48 
237047 81. 0.90 0.74 
—=FAZ7048 81. 0.68 0.56 
237049 & Tk 0.50 0.41 
237050 ais 0.83 0.68 
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TABLE 4-9-G 


FLCW CONDITION 
SANELER TYPE 


BED-LOAD SAMELER 


Ww 3 ‘ 
224MM MSH BASKET 


DATA 


SAMPLE 
SAMELE 


DURATION 
INTERVAL 


Noll 


US ae 


10 
90 


Yue 
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SAMELE WATER SAMPLER TRANSPORT 
ID TEME CATCH RATE 
NUMBER DEG-F LBS LB/ (MIN-FT) 
331001 73). ea 3.05 
331002 7). Oe tT 2 37 
331603 Ti. a ee 
331004 To. 0.311 4.59 
331005 Ais 0,29 {23 
331006 73. 0.40 5.95 
331007 72). "O18 2.66 
331008 72. ce 1:60 
331009 yin ie eal “5.89 
331010 713). 0.69 123. 14 
331011 22. 0.414 6.04 
331012 VS 0.79 11.59 
331013 P3. 6.33 ir ie 
331014 7a. 0.24 4.29 
eo sito 15 Pike ag Wee eee ee 
331016 mip. ae ay 6.07 
391017 ft ae 0.44 6.40 
331018 Te: 0.83 13.79 
331019 Vu, 0.22 3. 20 
331020 Pi. 0.25 3.62 
331021 7a. 7, 20. lk ara 
3319-22 7H. 0.63 a2 
331023 an. 0.28 4.04 
331024 sk i 28 3.44 
331925 74. 0.13 1.96 
331026 Lib 6.35 5.19 
sacs ae y oceania, || via 0.27 “3. 3o° 
331028 The 0.09 1.39 
331029 70; O24 10.38 
331039 74. 0.40 5.89 
331031 74. 0.30 4 OF 
331032 Ta. 0.51 7.46 
eo 71033 74. AC Simily 6.46 
331034 Ap 0.39 5.98 
331035 Gee Pe 1.69 
~~ 331036 FR 0.34 5.04 
331037 7h. 0.58 8.43 
331038 PS 0.78 11.47_ 
~~ 331039 jo ees ‘Wg cic mag IS 
331040 eB 0.29 4.20 
331041 aS O.d7 2.52 
‘ape songene PEW 7 0.68 10.92 
331043 .% 0.03 i-ea 
331044 75. 0.78 14487 
a. =. ..51155° °° °° °&~»« =&#t5 Den eee ms Da he Baas 
331046 75. 0.45 6.64 
331047 75. 0.44 6. 49 
331048 75. 0.28 HOU 
331049 75. 0.62 9.06 
331050 715. 0,25 3.55 


~~ MEAN=5.48 


fas 


Wy eae 
zy ve ao] . 


ase & = epetenn.. 
” 


a rr: -a24ay 


[TAs 
(EI -hT hy yead 


- 
a 
~- 


= MARSTRT 


mj vr = : a ‘ 7 5 sel i 5 an ¥ ’ 
; : - oe = = i 7 : 
y wae } ro 7 _ : “<a ¥ ; | i 
; ais stan 
way Pra 


| a 
vr. aff 
“el Ce 
re.0 af © 
os ot geet. 
vs, 0 rh 
ee set 
ee i 
* Othe ais seh 
J Pe i 
pace st 


protee 
i. ine 
Wis 0S arOree 
nue HS Troree 7 
eo ey SlQree” 

/ enone. 


1c .H et OSOrEee 
a | eee 
ty et 
] 20g 
t avy 
Le bf 
cs fT 
S. Sy ae ee 
20.0 off 
ry 0 bY 
\ ? oot 
Ci. eT 


fee ; , at 

si é st : os a “ee aa 
VE Lo «tT 
rr ,@ et 
2.0 Phy 
ac.,# et 
OT 6e 


TABLE 4-9-H 


FLCW CONDITION 
SARPLER TYPE 


eae SO in ane oe 


BED-LOAD. SAMELER DATA 


. SAMPLE DURATION 
2e4MM MSH BASKET SAMPLE INTERVAL 


hot 


SANELE WATER SAMELER TRANSPORT 
ID TEMP CAT GH RAW Las 
NUMBER DEG-F LBS LB/ (NIN-FT) 
332001 69, 0.18 1.34 
332002 69. 0.50 a tee 
IH 5 ie ne on a pg eee 
332004 69. 0.34 2.54 
332005 69. 0.14 1.03 
332096 70. 0.08 5.21 
332007 ore “Og 5.63 
332C08 Oe 0.54 3.95 
<= 9979005 70. 0.38 Se ah ee 
332010 Te 0.69 5.09 
332044 70. 0.94 6.90 
392012 70, 0.53 3. 86 
332013 70. 0.49 3.64 
332014 TO: 0.37 21S 
332015 jee 6. 145 se Pk aa ne: 
3504s 74. 0.51 alas 
332047 24, 0.38 2.79 
332018 756 0.30 2.29 
332019 741. 0.72 5. 30 
332020 Ad. 1.05 4.76 
PTI ear aes TN Gee Re 
332022 ee 0.38 2.87 
332023 Rae 0.33 2. 10 
oe eet wey Te. 0.94 6.94 
332025 42. 0.23 1.69 
242026 oe 1234 9.09 
————$—$.7;3;-—O—a7.. St~=CS pane es ite oa Ay Be 0) 
332028 73. 0.46 3.35 
332029 12. 0.65 ries 
TPH 5G 7 (278 5.75 
332031 2. aos 7, 52 
332032 2D 0.65 u.77 
are EV na 1 132 ciety 5 sama Grr. acai ° 
232034 gis 4.30 9.58 
332935 Wa. 0.44 3. 20 
332036 7 cs 0.33 2.46 
332037 ee 4.03 7.58 
332038 *. 1.04 7.65 wae 
<< 75535 TS S™O”:CSC TS Se ee 
332040 ce 0.16 1.18 
332041 Wa < eee 10.40 
“332042 one 0.83 6.10 
332043 1: On, 313 2. 46 
3232004 33., 0.48 3.53 
33204 . Oh a gers i 
3232046 Fi: 0.28 2.08 
332047 He. 0.82 6.02 
ara eat 796 0.09 0.65 
332049 Wir, 0.52 379 
332050 12s 133 9.75 
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TABLE 4-9-I BED-LOAD SAMELER DATA 
FLOW CCNDITION # 3 SAMPLE DURATION = 30 SEC 
BAOkLER TYPE =: 2.4MM MSH BASKET SAMUEL oN Le RY AL = 90 SEC 
SAMPLE HATER AMELER TRANSPORT 
4035, TEME CATCH RATE, 
NUMBER DEG-F LBS LB/ (MIN-FY) 
33300 fe j Wee BS Geer 
333002 Was 0.62 2206 
B33 00 3 foe i ee ; 6,48 
333004 eZee Ono 5 Eee BS, 
333005 2 14.08 een’ 
S32f05 Ae: a pee S04 
333007 6 ee 0575 = Anew 
3335908 fa 3s 2.00 a a 
333009 dee Ve i S500) 7 1. 
333010 gr 0.92 Beg 
33 9 11 ree OV 2 Bisa) 
3330 12 3s Osa7 3e75 
333013 yee 0.43 en 
333014 ‘ice O.43 235 
333015 “ehh To es aa Ss FAST oh ta 
333016 won 1323 4403 
332017 “35 0.49 Zeus 
S230 10 thay Vea 4u,74 
Bsa 19 5 IS 1.03 5.05 
333020 a8. 1.08 Soon 
33302 1 aH TEs } er ay ee 
S322 2 ree 0.46 ote 
S302 3 qa. 0.86 f. 20 
So ade 4 Ta, O57 a 29 
Se 202 5 es 0.49 Zet2 
333026 gh. GLb.t tae) 
Dimless tf) feo oe 5. kU Ok Ot Nii ae ae 
333028 fee Gost. 7. ae 
ee OAS, oe 0.69 3.39 
733 2030 of sae decide 5. 89 
333031 pat Gr. 3 22 
333032 Wis Noy OMe 10.96 : Pe 
333033 73s pA 2 ta 66.98 
333034 Die 0.44 Beth 
EE CEMA ey De wpe ae be 24 
338036 "hae 1.20 5. Oe 
$350.3 / | ha 0.05 ce 
335038 v5. Owes USPS Ae. 
saog000 Le C.0 7 “3.98 
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TABLE 5-8 SUMMARY OF INDICATED AVERAGE SAMPLER EFFICIENCIES 


(1) (2) (3) re) 
Flow Average Basket Duration 
Condition} Transport Type 
No. Rate* 
1b/ (min-ft) sec 


1.4 mm 20 


3) 10.40 


2.4 mm 20 


(5) 


Indicated 
Transport 


Rate 


_|1b/(min-ft) 


(6) 
Sampling 
Efficiency 


percent 


* without correction for fine-material deficiency 
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TABLE 5-9 SUMMARY OF EFFICIENCY CHANGES WITH DURATION 


(1) (2) (3) (4) 
Flow Duration 1.4 mm 2.4 mm 
Condition Mesh Mesh 
No. sec Basket Basket 
(a) (b) (c) (d) 
Average Efficiency Average Efficiency 
Sampler Change from Sampler Change from 
Caten Shortest Catch Shortest 
Duration Duration 


lbs ercent lbs percent 
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TABLE 5-11 RE-CALCULATION OF BED-LOAD TE 


AT BRAGG CREEK, 1967-69 


NSPORT DATA FOR ELBOW RIVER 


Data by Hollingshead and Samide 


Hem eke7/ 
RATS) 
176-1967 
20-6-1967 
PME SAU 7/ 
22-6-1.9 67 
236-19 6y/) | 
8-6-1968 
9-6-1968 
10-6-1968 


25-6-1969 
BEA MESS) 
27-6-1969 
BYU) 
28-6-1969 
30-6-1969 
30-6-1969 


(2) 
Average 
Discharg 
for Samp 
Period 
cfs 


(3) (4) 
No. of Width of 
e Samples Active 
le Bed 
Movement 


(6) 
Estimated 
Transport 

Rate 


Revised on Basis of 
Experimental Results 


| (7) (8) 


Estimated Estimated 


Coarse Total 
Material Bed Load 
Bed-Load 


lb/min 


2898.0 
1625.0 
1536.0 ; 

300.0 28. 

670.0 

504.0 20. 

60.0 85. | 
532.0 : | 
138.0 ; 1 
17270 7 | 

2660.0 3800.6 
2340.0 3542.9 
3065.0 4378.6 | 
1740.0 2485.7 
2220.0 | 3171.4 
2708.0 3868.6 
LOOSs0N| 5721.4 
2636.0 376507 
3492.0 4988.6 
1725.0 2464.3 
1485.0 2121.4 
63280 902.9 

785.0 1121.4 

500.0 714.3 


* These figures are generally higher than given by Hollingshead (1971) because a 


constant efficiency of 45% was formerly assumed. 


*k These values were estimated by extrapolating the curve of the 1/4 in. mesh basket 
(FIG. 5-9-B) to zero catch rate. 
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APPENDIX C - PHOTOGRAPHS 


SIDE VIEW OF LARGE BASKET SAMPLER WITH '% INCH 
MESH BASKET 


PLATE 3-1 
1:5 SCALE MODEL SAMPLER USED IN FLUME_ TESTING 


1 AG 


147 


- 


ew - 
neh oe 
ie 
i, 


PLATE 3-2. 
UPSTREAM VIEW OF FLUME SET-UP 


PLATE 3-3 


SEDIMENT INJECTION TANK LOCATED AT UPSTREAM 
END OF FLUME 


PLATE 3-4 
SIDE VIEW OF DOWNSTREAM END OF FLUME 


PLATE 3-5 


VIEW OF CARRIAGE WITH BED SENSING AND WATER 
SURFACE SENSING PROBES 
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PLATE 3-6 
OVER-HEAD VIEW OF SLICE SAMPLER LOCATED IN 
END SLOT 


PLATE 3-7 
SLICE SAMPLER DISCHARGE 
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PLATE 3-8 
CART SAMPLER .IN SAMPLING POSITION AT UPSTREAM 
END 


PLATE 4-1 
BED LAYERING DURING FLOW CONDITION NO. 3 
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PLATE 4-4 


BED CONFIGURATION DURING FLOW 
CONDITION NO. 3 
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